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ABSTRACT 


The effects that solvent and temperature have on 
the conformational preference of the hydroxymethyl function 
at C5 of hexopyranose structures were investigated. The 
molecular rotations of model compounds, 1,5-anhydro-2Z,3~ 
dideoxy-D-erythro-hexitol aid, Fann vaLon-sy su LUeOry —~D— 
threo-hexitol, were compared to those of the carbocyclic 
analogs, optically active trans- and cie-2- 
hydroxymethylcyclohexanol. Where possible, infrared 
spectroscopy and nuclear magnetic resonance spectroscopy 


supplemented the investigations. 


In the case of 1,5-anhydro-2,3-dideoxy-D-erythro- 
hexitol, intramolecular hydrogen bonding of the C6 hydroxyl 
function to the ring oxygen predominates in the aprotic 
solvent, 1,2-dichloroethane. However, intramolecular 
hydrogen bond formation between the Cé and C4 hyaroxyl 
functions is promoted by the addition of small amounts of 
dimethyl sulphoxide. In water, or in pure 1,2-dimethyl 
sulphoxide, the conformation in which the C6 and Cé4 hydroxyl 
functions oppose each other appears to be of minimal 
importance. The conformation of 1,5-anhydro-2 ,3-dideoxy- 
D-threo-hexitol that has the C6 hydroxyl function syn- 
axial-like to the C4 hydroxyl function appears to be 


favoured in 1,2-dichloroethane and possibly even in water. 


Digitized by the Internet Archive 
in 2022 with funding from 
University of Alberta Libraries 


https://archive.org/details/Brewer1971 


iv 
The effects that solvent and temperature have on 
the nce “ *: conformational equilibrium of 1,2-0- 
isopropylidene-4-0-methyl~8-D-sorbopyranose were also 
studied. It was found that a small amount of a para- 
substituted pyridine base in a 1,2-dichloroethane solution 
of this diol is able to promote the formation of an intra- 
molecular hydrogen bond between the opposing hydroxyl 
functions of the 0) conformation. This ability increases 


4 


with increases in the basicity of the substituted pyridine. 
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INTRODUCTION 


1. Objectives of this study 


Conformation: "The non-identical arrangement of 
the atoms in a molecule, obtainable by rotation about one 


or more single bonds." (1) 


One of the milestones of modern chemistry has 
been the Bee reiacion of the physical and chemical properties 
of simple organic molecules with their preferred conforma- 
f7ons (2, 4, 4). Tests are evailabie that are devoted 
entirely to conformational analysis and which provide a 
comprehensive treatment of the subject (1, 5). The 
conformation and composition of monosaccharides In eSGlution 
has been reviewed recently by Angyal (6). Other saturated 
heterocyclic compounds have been surveyed and reviewed by 


Elie ls) Cand Riddell (38). 
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Hexopyranoses - e.g., BaDed SUGOPpy t aliee (1), and 


hexopyranosides - e.g., a-D-galactopyranosides (2), are 
compounds which are of fundamental importance in carbohy- 


Grate chemistry. Their exocyclic C6-06 bond has three 
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Orientations in which it defines the ideal minimum-energy 
dihedral angles of +60°, -60° or 180° with the bonds 

between neighbouring atoms. Considering only vtcinal 
effects on the relative populations of these so-called 
staggered conformations, two situations are encountered; the 
one existing for compounds that have a 4,5-erythro 
configuration and the other for compounds with a 4,5-threo 


configuration. These are illustrated in Figure l. 


A major portion of this discussion will deal with 
the orientations of the exocyclic C-O bonds of compounds 
Bee, DS and Gin ditferent solvent systems. The molecular 


rotations, (Mr, and where possible, the infrared. .(1.r.) 
and nuclear magnetic resonance (n.m.r.) spectra of these 


compounds, supplied the data that will be discussed. 
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1,5-Anhydro-2 ,3-dideoxy-D- 1,5-Anhydro-2 ,3-dideoxy- 
erythro-hexitol oy D-threo—hexitol 
yClooH = 4 HOH 4H 
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(1R, 2S) -—(-) -trans-2- (1R,2R) -(-) -ets-2- 
Hy droxymethylcyclohexanol Hydroxymethylcyclohexanol 


A) 


4 


bie 420 loa’? ~ one Mega 









5 tt \ieidw nb 4ea0l7a2m - 
fla... “Doe” PO 2s Me Do Teor taeit 2 r 


% * iy . 


2 eale tase LA gas ~nevend 
jos. 609 ao eee 


wz Vo bosopgaaa’ 


SL TAPS: yi oie) { ’ | fi A ree} | liq * i 
: Tt ' 
o:; ee cieeewe ieee 7 


, ~ 


lL .woOgmigay 


s 


*soemnzoniz4s 
eptsouezAd pue ssouezAd Jo suotqounyz [Ay ZowAKozpAy ey FO suotj}ejusetz0 pezebhbeyAs 








: suoT}zeANSTJUOo-092Y42-G-G 2 *suoTzeanbtTzuoo oxyzha a-d-¢! y_UzTA 
UZTM SpuNOoduoS Jo sxouwejor dD pue q ‘e dUL spunoduos fo sxouwejor o pue q ’e SUL 





S 


Ln 
a 
| 
Eee 


49 


H Ue: md 
<0 h 


a 
\ 18 
Na 
lI] 








4 

In order to achieve a deeper SER or eh cae of the 
role that hydrogen bonding plays in determining the confor- 
mational distributions of these four compounds, the first 
portion of the discussion will deal with the effects of 
changes in temperature and solvent on the chair-chair 
equilibrium position of 1,2-0-isopropylidene-4-0-methy1-8- 
D-sorbopyranose, (ike Blheymalecularsrotations of 7, in 
Geoeerent solvent systems and at-ditterent temperatures, 


supplied the data used in the analysis. 


Seal — 
HO ati CHz~O 


0 
Ch20 jaceurl a 


HO HO eS 


Pre 4-s lie. Charr®contormations, of 1,2-0-1sopropy lidene 
-~4-0-methy1-8-D-sorbopyranose (7) 


Conformational analysis that is based on measure- 
ments of the average of the individual conformational values 
G@teaespecitic physical property requires a measurement or 
an accurate prediction of the magnitude of that property 
for each of the contributing conformers. Therefore, if 
optical rotation is to be a useful tool for the conforma- 
tional analysis of a molecule in solution, values are required 
for the optical rotation of each of.the individual 


conformations. 
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The structures of compounds 3 to 6 are 
sufficiently simple that the molecular rotations of their 
important conformations can be predicted. A variation of 
the rules (9 - 19) that have been developed for the a 
prtort calculation of the molecular rotations of simple 
pyranoses, pyranosides, and substituted cyclohexanes or 


tetrahydropyrans, can be used for this purpose. 


The molecular rotations of the chair conformers 
of. compound. 7 can hot be predicted in this way because of 
the uncertain contributions of the dioxolane ring. 
Fortunately, there are only these two conformers that need 
to -be considered for solutions of 7, and it will be shown 


how their molecular rotations can be experimentally determined. 


At this point, it is appropriate to discuss the 
current concepts of the relationship between the optical 
rotations and the molecular structures of simple saturated 
compounds that contain only carbon, hydrogen and oxygen 


atoms. 


2. Optical activity and molecular structure 


a) Atomic asymmetry 


The asymmetric carbon atom in Fig. 3 is substituted 
by four different substituent atoms or groups of atoms 


whose capacities for polarization decrease in the order 
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Fig. 3: A single asymmetric carbon centre 


Theoretically, these substituent atoms, in the configuration 
shown, can be described as forming a left-handed screw of 
polarizability and should produce a dextrorotatory contribu- 


tion to molecular rotation (11). 


Each asymmetric carbon atom in a fully saturated 
compound containing only carbon, hydrogen and oxygen must 
be connected either to two carbon or to two oxygen atoms. 
Ponterbucicnes torthéestotralsmoleculartrotationsfrom such 
individual centres of atomic asymmetry, acting independently 
of one another, are considered to be small. Referring to 
such compounds Whiffen states that "contributions, referring 
to asymmetric centres are negligible, i.e., contribute less 
Ciane oO, cto the, molecular Tolation. 7 (10), Brewster says, 
"We are in no position to evaluate the atomic asymmetry but 
could now suggest that it be neglected until it can be 


shown to be large enough to require attention." (14). 


R-(+) -2-Methyl tetrabydropyran) (8) 18 4a molecule 
whose rotation may be caused entirely by pure atomic 


asymmetry. Lemieux and Martin (9) have reported that its 


& - 
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molecular rotations, in a variety of solvents, are less 


Erran 85.27< 
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R- (+) -2-Methyltetrahydropyran 
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To summarize, the individual asymmetric carbon 
centres in compounds considered in this thesis will make 
a small but not necessarily negligible contribution to 
their molecular rotations. These contributions are 
independent of conformational geometry and will therefore 


be independent of conformational distributions. 


b) Conformational asymmetry 


The molecular rotations of saturated and 
conformationally restricted molecules are often much larger 
than are expected from consideration of the individual 
centres,of optical activity alone... In fact, the rotations 
of saturated cyclic compounds are for the most part a result 


of conformational asymmetry. 


The three-bond (4 atom) chains in Fig. 4 are 


examples of asymmetric conformational units. It can be shown 





that such units can give rise to optical activity and that 
the magnitude of the optical activity is a function of the 
sine of the dihedral angle (14). The units that are con- 
Sidered in this thesis originate in staggered conformations 
where ¢ iS ideally 60°, ~60°, or 180°. The value of a 
unit for » = 60° is of course equal but opposite to its 
value when ¢ = -60°. The units are symmetrical when 

¢ = 180° and make no contribution to optical activity. 

The four atoms comprising a unit may be any of C, H, or O, 


subject to the bonding restrictions of organic molecules. 


® 


vs 9-0 


Ra 
Ne) 
it 


iI] 
O 


Fig. 4: Examples of three-bond units of 
conformational asymmetry, defining torsional angles of 6° 


c)) Whiffen*s ‘empiricaigrules 


In 1956 Whiffen (10) showed empirically that the 


observed rotations of cyclitols and pyranoid carbohydrates 
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9 
can be expressed solely in terms of the sum of all of their 
contiguous three-bond asymmetric units, exclusive of those 
that terminate in O-H (i.e. C-C-O-H). This latter type may 
be neglected if, in his words "all three potential minima 
which arise from rotation about the C-OH bond are of equal 
depth, or if terms involving hydrogen atoms are small." 

Then he states that "both conditions are approximately met". 
An example of how a molecule is broken down into these units 
15 presented in Fig. 5, for 1,5-anhydro-2 ,6-dideoxy-D- 


arabtno-hexitol (9). 
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H 
0 2 
[M,]: along C3-C4 ~C_|H+c, |C_-c_|H+0|H-o|0+0]H 
04 C5 
-H 
Chg oF aE 
[M,]: along C4-C5 POR) 2 Ce OntC 1 HO +01 C-C|u 
04 C3 
Hl 
CH cy 
[M.]: along C5-05 fcr Cesc E 
, £1) 
H 
| Hd (2 
[Mp]: along 05-Cl , Q5 —CyGerc [| H 
CS 
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6 
The expected molecular rotation of compound 2 equals 42, I, 


or (0|C-C|H-O|H+H|H)-(0|0-20|H+H|H). This difference is 
defined as H-F and equals -11°. (see Table 1). The observed 
rotationcf®9, Sin water and at 25°C,ist-14,5° (seq p-) 889)e 





Fig. 5: The breakdown of the conformational asymmetry of 
1,5-anhydro-2,6-dideoxy-D-arabino-hexitol (9) 
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12 
These tabulated units could be arranged in terms 
of the six parametric groupings listed in Table 1. These 
parameters make a distinction between ring oxygens, glycosidic 
oxygens and hydroxylic oxygens. They also distinguish a unit 
PreceConcains a Celnctal C=C mona. 1.6. 0/C = C=C=-C-0O, from 


p x 
one that contains a central C-O bond; i.e. C,/0 = C-0-C-0O. 


The numerical values that Whiffen assigned to these 
six parameters are empirical and gave the best fit to 
experimental values for molecular rotations at the sodium D 


line, 5893A°, of solutions of polyhydroxycyclohexanes and 


pyranoid carbohydrates. 


He assigned a fixed value of 30° to the contribu- 
tion from the hydroxymethyl functions of D sugars. This 
allowance was reversed in sign for the corresponding L 


series. 


Methyl a-D-glycopyranosides were, on the average, 
100° more positive, and methyl-8§-D-glycopyranosides 100° 
more negative than the corresponding free sugar. These 


values were reversed for the "L" series. 


Whiffen used the symbol C|O for C/O, and 0) Caton C/c:. 
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d) Brewster's interpretation of optical activity 


In 1959 Brewster published an analysis of the 
| Optical rotation of organic molecules (11, 12, 13) that 


applied to a wide range of cyclic and acyclic compounds. 


Once again, combinations of asymmetric three- 
bond units were considered to be basic structural contri- 
butors to optical rotatory power. Brewster, like Whiffen, 
did not distinguish between the three rotameric positions 
of O-H bonds; both considered hydroxyl functions as a 
Single unit. In contrast fe Whiffen, Brewster did not 
differentiate hydroxylic oxygen atoms from glycosidic and 
ring oxygen atoms, and consequently required only 
three parameters to define the conformational asymmetry 
that originates in asymmetric four-atom chains. These, with 
the structural features that give rise to each of them, are: 

k (O-H) (O-H) , generated by two gauche oxygen atoms 

k (O-H) (C-H), generated by gauche oxygen and 

carbon atoms 


k(C-H) (C-H), generated by two gauche carbon atoms 


The first of these, k(O-H) (O-H), which is related 
to the F. and G parameters of Whiffen, was assigned to the 
empirically derived value of 45°. The second term, k(C-H) 
(O-H), was given a value of 50% using data from hydroxy- 
steroids and terpenols. This compares favourably with the 


observed rotation of trans-2-methylcyclohexanol, now known 
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14 
to be 49° (in methanol) (20). He assigned an empirical 
value of 60° to k(C-H) (C-H), using data obtained from 


saturated optically active alkanes. 


The exocyclic C6-06 bond of D-hexopyranoses was 
asSigned the empirically determined contribution of +25°. He 
considered the geometries of two of the rotameric orientations 
of this bond and noted that "the positive sign of this value 
is consistent with the smaller size of the ether oxygen as 


ecmparcea to Ce ond tte sibstituents... (12), 


0 CH 05 cy 


k (O-H) (O-H) =+#45° wk (O=H)(GlH)) = —50° 
a 


25° = empirical contribution to rotation 


Pid eo-me ine allowed Orientations o71 “the Co-06 bond of D- 
hexopyranoses, according to Brewster (12) a 


Brewster pointed out that the peecence of axial 
hydroxyl groups at Cl, C2 and C4 of a pyranoid ring gave 
rise to additional rotatory power. This was taken to be 
the result of the asymmetric positioning of C3, the ring 
oxygen, the axial OH function and the axial H atom that 


opposes it. Brewster referred to this as a permolecular 
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pattern, and he assigned values of +6€0°, and +100° to the 
partial structures that are illustrated in Fig. 7. These 


terms replaced Whiffen's I and J parameters. 
OH 0 | 0 
eas Ne SiN 
+ 60° CUS 


Ours 0 
ee 
OH 7 
+100° -100° 


Pig. /: Partial structures: exhibiting permolecular 
asymmetry, with empirical rotatory powers that were 
assigned to them by Brewster (12). 


e) Yamana's proposals 


Yamana -(15, “6, I7) has developed “a sétor rules 
£01 the analysis O01 the Optical tactivity of moPecules. irs 
treatment is theoretically based on Kirkwood's quantum 
mechanical study of the optical activity generated by the 
pairwise interaction of terminal atoms of asymmetric bond 


chains (21)..He has calculated theoretical values for 
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16 
rotatory powers of these interactions. These values -do not 
in themselves give good estimates of observed rocatLonr, buc 
must be multiplied by empirically obtained correction 


factors. (16). 


Yamana's treatment of this subject is extensive 
and detailed, but is not easy to simplify for routine 


predictions of molecular rotation. 


£) The empirical rules of Lemieux and Martin 


Lemieux and Martin (9) recently proposed what 
appeared to be a convenient set of simplified rules for 
the estimation of the rotatory power of aldopyranoses, 
methyl aldopyranosides, and polyhydroxycyclohexanes. 
Molecular rotations were assumed, to a first approximation, 
to be due to the asymmetry of gauche, contiguous three- 
bond units, the approach that had been taken previously 
by Whiffen and then partially adopted by Brewster. However, 
only units having terminal carbon or oxygen atoms were 
included-in the tabulation. Units that terminated in 
hydrogen or hydrogens were considered to be of negligible 
importance. In contrast to the procedure of Whiffen, their 
analysis made no distinction between ring, glycosidic and 
hydroxylic oxygen atoms. They required only three 
parameters, which were defined as 0/o, O/C and C/O. A 


fourth unit, C./C, was required for estimates of the rotations 
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of methyl ethers of pyranoid compounds. Each of these 
parameters, which involves only one three-bond unit of 


conformational asymmetry, is shown in Fig. 8. 


They assigned the O/O unit a value of 45°, the 
same value that Whiffen had used for his F parameter 
(see Table 1), which defines the same structural feature, 


although in a more complex manner. 


c 


Fig. 8: The rotational parameters of Lemieux and Martin 


The dominant rotamer expected for the aglycone 
function of methy1l-a-D-glycopyranosides has the CH. group 
gauche to the cing .oxygensand trans tosthe Cl-C2 bend 
(22 - 25), an arrangement which defines a C./0 (eects Gor mee 
C./0 unit is also defined by the C5-05 and the Cl-0Ol bonds 
in both a-D-pyranoses and a-D-pyranosides, auStructural 


feature which was included in Whiffens J parameter. The 
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18 
empirical value of 115° that Lemieux and Martin used for 
these C/O units was essentially the same as that value of 


113° that Whiffen gave to his J parameter. 


The value of 10° that they gave to their O/C unit 
was much smaller than either the value of 50° that Brewster 
gave to his corresponding k(C-H) (O-H) parameter, or the 
value of 34° that Whiffen used for his H parameter. However, 
this value of 10°, together with the values assigned to the 
other two units, led to a close correspondence between the 
observed and predicted rotations of pyranoid carbohydrates, 
without the necessity for extra "adjusting factors" such as 
permolecular terms (12) or a distinction between different 
types of oxygen atoms (10). This value for O/C seemed 
particularly appropriate in the light of the molecular 
Botations observed) for J4,5-anhydro-2,3,6-trideoxy-Dr 
erythro-hexitol (10) and i> -anhyaro-2,6-dideoxy-D-arabino—. 
hexitol (9), model compounds with a fixed conformation in 
water. The rotation that Lemieux and Martin reported for 
compound 3; +53° in water, also required a small O/C value 
in order to~indicate its expected preference for the 3c 


conformation. 


Unfortunately the purities of compounds 9, 10 
and 3, and therefore their rotations, became suspect. 
These compounds had only been characterized as syrups and 
may have contained small amounts of optically active 


impurities, which could have led to completely misleading 
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rotations. In addition, residual solvents, if present, 


would have resulted in numerically low rotations. 


For this project, a correct estimate of the value 
of the C/O and the O/O rotational parameters was necessary 
in order that the rotations of conformers of compounds with 
an exocyclic hydroxymethyl function could be analyzed. 
Therefore, it was decided to resynthesize compounds 3, 9 
and 10, using techniques that would ensure their optical 
purities. This has been done as a part of this project and 
it is now apparent that the +0O/C unit that is contained in 
these compounds has a value of +45°; a result which requires 
modifications to the general set of parameters proposed by 
Lemieux and Martin. These adjustments have been 
incorporated into the procedure for evaluation of molecular 


rotations that will be used in this thesis (see p. 150). 


CH 
3 
0 
Wg NX HO 
| Lo 


[M] , predicted: +C/O IM], predicted: [M] , predicted: 
-+C/0-0/0 +C/0+0/0 





[M] , observed: +14° [M] , observed: -32° [M] , observed: +53° 


in water (9) in water (9) in water (9) 
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20 
3. Intramolecular hydrogen bonds involving hydroxyl 


functions 
a) General considerations 


The strong and specific interaction known as the 
hydrogen bond can have a profound influence on the conforma- 


tion adopted by hydroxylated compounds. 


The structure of a general hydrogen bond can be 
represented by the notation A-H---B, For hydrogen bonds 
discussed in this thesis, A-H is a hydroxylic O-H function. 
If this O-H is intramolecularly bonded, B will be either a 
hydroxyl-type or else an ether-type oxygen. When O-H is 
intermolecularly hydrogen-bonded to a solvent molecule, B 
will be either the sulphoxide oxygen of dimethyl sulphoxide 


(DMSO), or the nitrogen atom of a pyridine ring. 


The electronic nature of hydrogen bonds has been 
the topic of considerable discussion (26 - 34). Pimentel 
has compared strong hydrogen bonding in symmetrical species 
such as (FHF) to the three centre covalent hydrogen bridge 
bond in diboranes (29). The controversy over the electronic 
structure of weak hydrogen bonds - that is, types that will 
be studied in this thesis - concerns the amount and the 


nature of covalent bonding between A-H and B. 


The simplest electrostatic model considers only 


the interactions of the point charge dipole moments of the 
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21 
A-H and the B functions. The dipoles themselves are not 
considered to be aitered as a result of hydrogen bond 
formation. More sophisticated electrostatic models take 
account of the distribution of electron densities of the o 
bond orbital linking A and H, and the non-bonded lone-pair 
electrons of B. A realistic extension of the simple 
electrostatic approach considers that polarization of 
electronic densities results because of the proximity of 
the A-H and B dipoles. This additional, and induced elec- 
trostatic energy has been considered as an important 


contributor to hydrogen bond formation (33). 


The valence bond concepts of the hydrogen bond 
replace or supplement the idea of induced, or polarization 
energy, with delocalization energy that is introduced vita 
contributions that are made to the wave function by canonical 
forms iv and v (Fig. 9) (30). Bratoz has applied a charge 
transfer theory to O'::°H-O systems which allows a degree of 
dative covalent bonding between the lone-electron-pair of 


O' and the antibonding O-H orbital (28). 





ak po ee 
iv A :H B 
V A H : 1s 

| SS Se 


Fig. 9: Valence bond structures for the A-H...B hydrogen 
bond 
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22 
It is generally concluded that simple fixed- 
dipole interactions do not adequately explain the properties 
of hydrogen bonds (28 - 34). Some degree of electrostatic 
polarization and/or charge transfer is necessary. The 
physical result of either of these concepts will be a shift 


of electron density along the B-:-H-A system, towards A. 


a goo ermanent dipoles: ++» 
j> Poceit Pp Pp : 
Be eoeee “H—-A co eceeee H—D 


dipoles that result from 
transferred electron 
densities: 4-~-5 

Now consider the situation in which A is involved 
as the lone-electron-pair donor in the hydrogen bond system 
H-A*:*H-D. The transferred charge (or induced dipole) in 
the vicinity of H-A that is set up on formation of a hydrogen 
bond with B results in an additional electrostatic stabiliza- 
tion of the A****H-D bond. Lemieux and Pavia (35) have noted 
that "suen hydrogen-bond conjugation can conceivably be of 
importance as a force which originates in an anionic 
centre for the organization of macromolecules into specific 
conformations as are known to exist for proteins and 
nucleic acids. Certainly, the results require the proton- 
accepting power of a solute in aqueous solution to be 
extended by this hydrogen-bond conjugatton to influence 
the structure of the water beyond its immediate 


environment." 
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23 
b) Infrared spectroscopy and intramolecular hydrogen 


bonding 


Intramolecular hydrogen bonding of hydroxyl 
functions of saturated victnal diols and hydroxyethers will 
be termed 1,2-type hydrogen bonding in this thesis. Unless 
structurally incapable of doing so, such compounds form 
1,2-type bonds only in staggered conformations, so that the 
two C-O bonds are gauche to each other. Circe Ost) a the 
energy required to overcome the torsional strain of the 
eclipsing conformation (Fig. 10,i) would be greater than 
the stability gained by hydrogen bond formation. Exceptions 
to the gauche geometry of 1,2-type hydrogen bonds occur 
for compounds in which the two C-O bonds are structurally 
restricted to, or forced towards the eclipsed geometry 


es0 7 ea 7): 


| oom 
0-H H 
0-H” | 


Penee lipsed. 1) 2—-type,hydrogen,, 11... gauche. .1.,2-type. hydrogen 
bonding Q—H te Q—H bonding 


iii. 1,3-type hydrogen bonding 


Fig. 10: The geometries of intramolecular hydrogen bonds. 
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24 
Two 1,3-substituted hydroxyl functions can form 
an intramolecular hydrogen bond in which the two C-O bonds 
are coplanar, without introducing any torsional strain. 
This, as well as bonding between 1,3-substituted OH and OR 
functions, will be referred to as 1,3-type hydrogen bonding. 
A simplified electrostatic approach to calculations of the 
O-H==-0" >bond strength predicts that this strength will 
increase as the O-H bond becomes colinear with one of the 
electron-lone-pair orbitals of O' (34), an arrangement that 
is more closely approached with 1,3-type bonds than it is 


with 1,2-type bonds that have the gauche geometry. 


Infrared spectroscopy has been extensively used 
to study these types of intramolecularly hydrogen-bonded 
hydroxyl functions (38). Using concentrations of diols 
in carbon tetrachloride that were low enough to suppress 
intermolecular hydrogen bonding, Kuhn (39, 40) reported 
that the infrared (i-r?) “spectra‘of many diols contained 
two OH absorption bands in the 3500-3650 cm 7+ region The 
stretching frequencies of the hydrogen-bonded O-H (A-H) 
bonds occurred at lower wavenumbers than those of the 
remaining free O-H (B) bonds. The differences in the two 
in om? 


frequencies were reported as frequency shifts, Avon? 


There is,of course,non-bonded steric interaction energy 
between the two opposing oxygen atoms. 
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25 
Other workers (41) obtained frequency shifts by subtracting 
the O-H bonded frequency from that of a free OH group in 
a structurally equivalent position in a suitable reference 
compound. The qualitative interpretation of the size of 
Av is not affected by the method of calculation that is 


OH 


chosen. 


It is generally accepted that the strength of the 
general hydrogen bond, A-H----B, is related to the size of 
the frequency shift of the A-H bond from that of a free 
A-H bond. (29942, 48) eoekuhn 4e9 240) notedsatheattthe 
Avon of an intramolecularly bonded hydroxyl group was 
Peuaren) to thesseparation;nL) ein Aly ofpthe protonyof O-H 


from the centre of the second oxygen atom, O', by the em- 


pirical formula: 


For L greater than 3.3A°, the Kuhn equation 


predicts that intramolecular nydrogen bonds do not form. 


Normal values for Avon of 1,3-type hydrogen bonds, 


in carbon tetrachloride, vary somewhat according to the 


nature of the compound, but in general lie between 70 and 


130 cuae The values for AVoy that are observed for 1,2- 


type hydrogen bonds are smaller. They usually do not exceed 


50 cmt unless structural factors can hold the two hydrogen 


bonded functions in a semi-eclipsed or eclipsed conformation 
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26 
(see endo- and exo-ects-2,3-bicyclo [2.2.1] heptanediol, 


Table 2). 


Most of the i.r. studies that have been done on 
intramolecular hydrogen bonding have been conducted in 
carbon tetrachloride (40). This so-called inert solvent is 
not expected to form a complex with hydroxyl functions and 
therefore should not effect their hydrogen bonding patterns. 


Frequency shift values, Av H! measured in carbon tetra- 


O 
chloride do not necessarily apply to other solvents. 
Allerhand and von R. Schleyer (44) have done an extensive 
Seudy ©1) this) solvent effect and report that the free 
hydroxyl stretching frequencies, the bonded hydroxyl 
stretching frequencies, and therefore AV on are solvent 
dependent. They believe, however, that 1,2-dichloroethane 
and carbon tetrachloride may be used interchangeably as 


solvents with little effect on the values of Av Data, 


OH” 
to follow in the next chapter, will show that this appears 
foe gerue. Lor 1,3-type: hydrogen bonds, but not for 1,2- 


type bonds. 


Foster and his co-workers (45, 46) have used i.r. 
spectroscopy to study intramolecular hydrogen bonds in a 
wide range of tetrahydropyran, tetrahydrofuran and dioxane 
structures. They have also studied the relative intensities 
of the hydroxyl stretching absorptions of acyclic diols and 


hydroxyethers and report that the formation of conformations 
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oo 
that contain a 1,2-type hydrogen bond is preferred to the 
formation of conformations that contain a 1,3-type hydrogen 


bond (47). 


This preference, also reported by Kuhn (48), is 
partially statistical in the case of compounds that are able 
to form 1,2-type bonds in either of two energetically 
Similar gauche conformations. In addition, the steric 
interaction energies of the hydrogen-bonded conformations 
must be considered along with the actual hydrogen bond 
strengths in any analysis of conformational preference. 
Whereas hydrogen bond strengths are probabiy greater for 
1,3-type than for 1,2-type bonds (as their larger values 
of AVon indicate); contormations that contain a 1 ,35-type 
hydrogen bond are in part destabilized by steric interactions 
between the opposing C-O bonds Gig Opti? )e.e ii terms of 
free energy, therefore, it is not surprising that a conforma- 
tion that is intramolecularly hydrogen-bonded by gauche 
hydroxyl functions should be preferred to one that is 
stabilized by E hydrogen bond between opposing 1,3- 


substituted hydroxyl groups. 


Foster extended his studies to include compounds 
LBP CLAY L3 Gand £14 , -in- which both@ i, 2stype’ and 17 3—-type 


hydrogen bonding was possible (49, 50). 
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HOCH 0 ‘N HOCH) 


P20 -benzylidene-L-—erythritol 1,3-0-Benzylidene-L- 


threitol 


cs A be 


CHy0H 
CHoOH ig ee 


HO 


Ot QEt 

Ethyl 2,3-dideoxy-a-D-erythro- BED 2 nO lOeO ki Oa) — 

hexopyranoside ‘: threo-hexopyranoside — 
13 14 


The orientations that the hydroxymethyl func- 


tions of 1,3-0-benzylidene-L-erythritol (in) tang. 1 3-0 — 


benzylidene-L-threitol (12) adopt in carbon tetrachloride 


were apparent from the hydrogen bond absorptions of their 


i.r. spectra. Foster reported that compound 11 had 


si 


‘strong absorption at 3644 cm" which he as 


U? 
a 
Q 
i) 
109) 
Qu 
ct 
O 


hydroxyl group. The moderate absorption at 3614 cm 


a 


a 


shifted by 30 wavenumbers, was assigned to a 1,2-type 


U 


hydrogen bond between the primary hydroxyl group and O03. 


The third,weaker absorption, at 3565, with a AV oy of 79 cmt 
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Sak 
was assigned to a 1,3-type bond betweén the hydrogen of the 
primary hydroxyi function and the oxygen atom of the 


secondary hydroxyl group at C2. 


The threo isomer, 1,3-benzylidene-L-threitol (12), 
also had a free hydroxyl absorption at 3644 cm but of much 
lower intensity than that of 11, the erythro compound. There 
were two stronger bonds that corresponded to 1,2-type 
hydrogen bonds. The one with AVoy of 21 was assigned to a 
hydrogen bond between the primary hydroxyl group and 03, 


and the one with Av of 54 to a hydrogen bond between 


OH 
the secondary hydroxyl group and one or both of the ring 
oxygens. There was a weak absorption at 3565 cm? 


(Av = 99) that was assigned to a 1,3-type hydrogen bond 
‘between the two hydroxyl functions. The authors note that 
"the large Av value associated with the last absorption may 
arise because the secondary hydroxyl group is bonded to the 
ring-oxygen atoms which would make its oxygen atom more 
basic and hence a better proton acceptor ..." (49). 
Certainly, the low intensity of the free hydroxyl absorption 
in the spectrum of 12 is evidence that cumulation of the 
intramolecular hydrogen bonds occurs when compound 12 
adopts the conformation shown below in Fig. ll. However, 
by comparison with the more recent observations of fres 
quency shifts of the bonded hydroxyl functions of 2-hydroxy- 
methylcyclohexanols, listed in Table 3, there does not now 
ue 


appear to be anything unusual about the shift of 99 cm 


that Foster reported for 12. 
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TABLE 3 
Infrared spectral data for 


2-hydroxymethylcyclohexanols, in carbon tetrachloride 


a SS SSS SSS Sl sf cen 
————— eee 





Compound You Max (cm ~) 
Free Free Bonded Ref. 
Primary Secondary OH 
OH OH 
CH.OH 
HO 3638 3623 3525 apt 
(sh) * 
CH»OH 
3631 3622 S507 o0%* 
tBu 
HO tee 
ro \ 3642 3628 3538 51 
(sis 
HO 
CH5OH 
aw 3631 3541 38%* 
tBu 
CH.OH 


HO 3625 3548 Bo2* 


phot dace the. greater part ofsthetprimary OH fonctions 
assumed to be hydrogen-bonded to the oxygen 
atom of the secondary OH function 
** listed only as "unpublished observations by Sicher" 


in- Ref. 38 





mB 





Fig. ll: Cumulation of intramolecular hydrogen bonds in 
1,3-0-benzylidene-L-threitol (2). 


The intensities of the hydroxyl stretching 
frequencies of ethyl 2,3-dideoxy-a-D- ery thro-hexopyranoside 
in carbon tetrachloride allowed Foster to make deductions 
on the preferred orientation of its hydroxymethyl 
function (50). There was an absorption for the free 
secondary hydroxyl group and absorptions for the primary 
hydroxyl group, hydrogen-bonded principally tc the ring 
oxygen atom (cf. conformations 13b and iS Celie Ciel?) and, 
to a smaller extent, to the oxygen atom of the secondary 


NvaLoszy  aqroup, (Conftormer-=lsa invFig. 12). 


H 





13a.) (Oe T3bee OEE 3G) (Ee 





Figzel2¢ The three principal conformations of ethyl 2,3- 
| dideoxy-a-D-erythro-hexopyranoside in carbon 
tetrachloride. 
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The threo isomer, ethyl 2,3-dideoxy-a-D-threo- 


hexopyranoside(14)had strong absorptions at 3596 cm + and 


252-6 cm * that were respectively assigned to 1,2-type and 
1,3-type hydrogen-bonded hydroxyl functions. The amount 

of free hydroxyl absorption, at 3630 cm, was less than 
that of the erythro isomer and is referred to by Foster as 
“weak". The anomeric effect of the axial aglycone function 
in carbon tetrachloride (22, 23, 24) and the preference of 
the CH. OH function for the equatorial conformation restrict 
14 to the ay conformation. The small free hydroxyl absorp- 
tion can be accounted for by proposing cumulated hydrogen 
bond arrangements, such as in 14b and Leb Or ga contormna~ 


tion such as 14b in which both hydroxyl functions are 


simultaneously bonded to the ring-oxygen atom. 





/14b" OEt 


Fig. 13: Possible cumulated intramolecular hydrogen bonds 
in ethyl 2,3-dideoxy~a-D-threo-hexopyranoside (14) 
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Values of Aon? which are a measure of hydrogen 
bond strength, should increase if the strengths of individual 
hydrogen bonds are increased because of cumulation, i.e. 
if hydrogen bond conjugation occurs. It is, however, 
difficult to predict the magnitude of such an increase. 
The frequency and the frequency shift of the 1,3-hydrogen- 


al 


bonded hydroxyl group of compound 14 (3527 cm ~, Av, 103) 


OH 

are not substantially different from the corresponding 
values of ¢ts-2-hydroxymethylcyclohexanols ee. Table. s)2. 
Therefore, if the 1,3-type hydrogen bond energy of 14 has 
been increased because of the cumulated hydrogen bond 
arrangement made possible by the ring eur, the effect 
that this has had on_ the frequency and frequency shift is 
not significant. The absence of such an effect was cited 
earlier, in the discussion of compound ip One can only say, 
with reference to the i.r. spectra and the structures of 
these two compounds, eeande LA ache cumulation, but not 


necessarily conjugation, of intramolecular hydrogen bonds 


occurs. 


4. Applications of molecular rotation to conformational 


analysis 


Analyses of conformational equilibria that are 
based on the observed rotation of simple saturated compounds 
of carbon, oxygen and hydrogen have not, until recently, 


been very common. The chair-chair equilibrium positions of 
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36 
optically active cis-2-methylcyclohexanol (12,16), 1,2/3,5 
and 1,2,5/3-cyclohexanetetrol (52), and 1,2/3,4- 
cyclohexanetetrol (53) have been interpreted from their 
observed rotations in solution and the predicted rotations 
of their chair conformers. Foster (49) used Whiffen's 
rules in order to study the chair-chair equilibrium positions 
of the ethyl hexopyranosides discussed on page 29. More 
recently, Tocanne used optical rotation to study the con- 


formational equilibria of 1,3-dioxanes (54). 


Lemieux and co-workers have discussed the relation- 
ship of the optical rotations of certain pyranosides and 
tetrahydropyran derivatives to the nature of the solvent 
(9,22,35,55,56). For example, they demonstrated that the 
different optical rotations that were observed for 
solutions of methyl 3-deoxy-8-L-erythro-pentopyranoside (15) 
in different solvents resulted "almost exclusively" from 
SpeCuesei Del tse clare Clot? ecout tbrlum position, (35456).. 
Using Brewster's rules, they calculated the molecular 
FoLation forseach of the chair, conformers of 15. They 
were then able to use the observed rotations of this 
compound to calculate the percentages of its two conforma- 
tions in the different solvents. These percentages were 
in accordance with percentages that they calculated using 
values of Ji 2 that were taken from corresponding n.m.r. 


spectra in the various solvents. 
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Fig. 14: The chair conformations of methyl 3-deoxy-s- L- 
erythro-pentopyranoside (15) 


The 15e conformation predominated in chloroforn, 
stabilized by both the anomeric effect (22, 23, 24) and by 
intramolecular hydrogen bonding between the two hydroxyl 
functions. When they used pure solvents, that formed 
intermolecular hydrogen bonds with the hydrogens of the 
two hydroxyl groups (such as water, DMSO, and pyridine), 
the n.m.r. and optical rotation data showed that compound 
Boeprererred Che 15d conformation. =hemieux proposed that 
"hydrogen-bonding of both hydroxyls with the solvent 
(ROH +--+ S) increases the negative charge on the oxygen 
atoms through polarization of the O-H bond (RO+«H<S) to such 
an extent that the repulsion of the C-O bond dipoles in 
opposing axial orientation becomes adequately large to 
force the compound from the 1-C Cie) to the C-1l (15d) 


eajiaqavg ekewea)s ee CoLE 


Methyl 2-deoxy-a-L-~erythro-pentopyranoside (16) 


also preferred the intramolecularly bonded conformation, 
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38 
(16e) in chloroform, and the other chair conformer, (16d), 


in water (56). 


H OCHz 
LE 
OCH 
40 \ 3 


Fig. 15: The chair conformations of methyl 2-deoxy-a- -L- 
erythro-pentopyranoside (16) 
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Fig. 16: The chair conformations of methyl 2- ~deoxy- pB-L- 
erythro-pentopyranoside (17) 


The anomericreffect is certainly partially 
responsible for the stabilization of conformations 15e and 
iée in chloroform. There is, however, a weakening of the 
anomeric effect in water (22) and one might ask to what 
extent this is responstble forthe shift*to theplsd or 
16d conformations in aqueous solution. That this cannot 
be the dominant factor was shown by a study of the n.m.r. 


spectra and optical rotations of methyl 2-deoxy-8-L-erythro- 
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33 
pentopyranoside(17)in water, DMSO and chloroform (56). 
In all three solvents, the data indicate preference for the 
17d conformation. Compound 17 does not, however, have opposing 
OH and OR functions in either conformation and so the 
electrostatic repulsion that intermolecular hydrogen bonding 
with water or DMSO setsup in conformers woe Or vise cannot 


occur in\ithis case. 


Having established the relationship between the 
optical activities and the conformational preferences of gs 
and 16, Lemieux was able to interpret the changes in the 
optical activities of these and other intramolecularly 
bonded compounds that resulted on the addition of dimethyl 


sulphoxide to their solutions in 1,2-dichloroethane. 


The molecular rotation of methyl 4-0-methy1-3- 
deoxy-8§-L-erythro-pentopyranoside (18)in pure 1,2- 
Geemrorcethane indicated thatmit preferred conformation 18e, 
which can be stabilized by an intramolecular hydrogen bond 
between the earns function at C2 and the methoxyl oxygen 
atom at C4. As the percentage of dimethyl sulphoxide was 
increased and, as a result, the percentage of the C2 
hydroxyl that was intermolecularly hydrogen-bonded increased, 
the rotation of 18 EEN smoothly, until in pure DMSO it 
corresponded to a high percentage of conformer 18d. Lemieux 


concludes that "repulsion between the C4-OCH, group in axial 


3 
orientation with the C2-hydroxyl hydrogen hydrogen bonded to 
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Fig. 17: Plots of the change in specific rotation which 
occurs with increasing amounts of dimethylsulfoxide 
for solutions of methyl 4-0-methy1-3-deoxy-s-L- 
erythro-pentopyranoside and methyl 2-deoxy- ~ 
a-D-erythro-pentopyranoside in ethylene chloride 
(35) 
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41 
dimethylsulphoxide was sufficiently strong to require the 
1-C (18d) conformation" (35). This conclusion was supported 
with n.m.r. data. The plot of the optical rotation of 18 
vs the percentage of DMSO in the solvent, referred to in 
this thesis as a rotation curve, is presented in Fig. 17. 
The rotation curve for methyl 2-deoxy-a-D-ery thro- 
pentopyranoside, also presented in Fig. 17, showed that it 
behaved in a similar manner to 18 in binary solutions of 


DMSO and 1,2-dichloroethane (35). 


The rotation curves for the Sten jo -C1OlsS Lo, 
7 and 19 required a slightly different interpretation 
(25,,55). At low concentrations of DMSO (0 to 0.5 molar), 
their rotations were shifted towards values that were expected 
for the conformations that permitted a 1,3-type hydrogen 
Hond; i.e. fe, I5e and 19e. Then, as the DMSO concentrations 
were further increased, their rotations shifted in the other 
direction, towards values expected for the conformations in 


which the two hydroxyl groups were equatorial to the ring. 


’ 0 


H 0 OCH 
HO 


| OH 
C30 OCHS uae 
19e 19 


Fig. 18: The chair conformations of methyl 5-O-methyl-B—1- 
xylopyranoside (19) sae 
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Lemieux has proposed the following explanation 
for these inflected rotation curves. The general hydrogen 
bonding forms for these 1,3-diols, which can only exist in 
two conformations, are shown in Fig. 19. In Ducer Ze 
dichloroethane, the e conformation is stabilized by an 
intramolecular hydrogen bond between the two hydroxyl 
functions. At low concentrations of dimethyl sulphoxide, 
the remaining free hydroxylic proton, H', can enter into an 
intermolecular hydrogen bond with the oxygen of the 
sulphoxide function, designated as B. If the optical 
rotation of the monosolvated e' conformation has the same 
value as e, then the shift towards this rotation at low 
concentrations of dimethyl sulphoxide means that K, < Kk. 
This in turn means that the intramolecular hydrogen bond 
that stabilizes this e' conformation has been strengthened 
by the existence of the intermolecular hydrogen bond between 
Of Hoenn the sotvent,B. The probable reason for this 
“hydrogen bond conjugation" (35), discussed in general terms 
Mien .ecr, 1s coer DOlarizacion Of the O'=H "bond by the 


dimethyl sulphoxide. 


At higher concentrations, the dimethyl sulphoxide 
begins to saturate both of the hydroxyl functions with 
intermolecular hydrogen bonds, and the equilibrium designated 
by K, becomes important. Because of the electrostatic and 
steric repuisions thee occurein structure e", d" is heavily 


favoured. The optical rotations of such solutions reflect 
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this increased percentage of the dad" conformation. 


N 





e" a" 


Big.) 19: The intramolecular hydrogen bond patterns of 
15 ~CLOLSs % 


sOnetobjective of =thespreésent sttdy sof ycompounds7: 
was to prepare and discuss its rotation curves in 1,2- 
dichloroethane, using various para-substituted nye as 
the hydrogen-bond-accepting base, B . This study shows that 
the ability of these pyridines to stabilize the intra- 
molecularly hydrogen-bonded conformation of 7 increases 


with their basicities. 
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The second objective of the work with 7 was to 
obtain a deeper understanding of the hydrogen-bonding 
behaviour of 1,3-diols in binary solutions of 1,2- 
dichloroethane and a "base" such as DMSO, or pyridine. For 
this purpose, the rotation curves of 7 were prepared at more 
than one temperature, using molar concentrations rather 
than "percentages" (35) of the hydrogen-bond-accepting base. 
Quantitative thermodynamic values will be assigned to the 
equilibrium between the mono-solvated 7e' conformation and 


the di-solvated 7d" conformation. 


Lemieux and Martin have also reported an inflected 
rotation curve for 1,5-anhydro-2 ,3-dideoxy-D-erythro- 
per col (3) in binary DMSO/1,2-dichloroethane SOLITONS mi 9). 
They discussed how this should occur through changes in the 
orientation of the hydroxymethyl group as the amount of 
DMSO in the solvent was increased. The three rotameric 
conformers of 3 are shown below in Fig. 20 along with the 
molecular rotations that Lemieux and Martin assigned to them 
using their values for the O/O and C/O parameters, namely, 


45° and 10° respectively. 
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HO ae! HO 


3a 3b She 


C/0-C/O = O° 20/0-0/O 35: C/O+0/O = 55 


Fig. 20: The three principal conformations of 1,5-anhydro- 
2,3-dideoxy-D-erythro~-hexitol (3), with rotations 
that were asSigned to them by Lemieux and Martin 


Compound 3, as they had prepared it, had a rotation 
of +20° in pure 1,2-dichloroethane which, Lgnoring the? 30: 
rotamer, corresponded to about equal preference for 3a and 
“3c. The additions of small amounts of dimethyl sulphoxide 
PoesOiucions of 3 in dichloroethane decreased this rotation, 
indicating that the 1,3-type intramolecular hydrogen bond, 
which is only possible in the 3a conformation, had once again 
been strengthened. At higher concentrations of dimethyl 
sulphoxide the rotations of the solutions of 3 became more 
Bonteive than the original rotation, of +20°. In pure DMSO, 
the rotation had risen to +42°, which was taken as evidence 


fOr-aiihigqn population ofgcontormation 3c. 


This rotation work has been repeated, using pure 
compound 3, as part of this project. Rotation curves for 
this compound, in binary solutions of 1,2-dichloroethane and 


DMSO, have been prepared at 15, 25 and 35°C, and will be 
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46 
discussed, along with similar rotation work with compounds 
a7 > and G. The effects thatthe ring oxygen and C4 
hydroxyl functions of compounds 3 and 4 have on the orienta- 
tion of their hydroxymethyl functions can be determined by 
comparison of the molecular rotations of these compounds 


with the rotations of their carbocyclic analogs, 5 and 6. 


Rotation curves will also be presented for the 
monomethyl ethers of 3, 1,5-anhydro-2 ,3-dideoxy-6-0-methyl- 
D-erythro-hexitol (20) and) 1 ,5-anhydro-2,3-dideoxy-—4-0- 
methy1-D-erythro-hexitol (28) Peasmwe Wieaseror the dimethyl 
eticy Of 3, 1,5-anhydro-2 ,3-dideoxy-4,6-di-0-methy1-D- 
Peoero-nexitol) (22) These curves 1ilustrate the effect 
erate Dlockage Gr one OF both of the hydroxyl groups of 3 has 


on the orientation of its exocyclic C6-06 bond. 
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EXPERIMENTAL 


1. Methods 
a) Spectroscopic 


Routine nuclear magnetic resonance (n.m.r.) 
spectra were recorded with 60 and 100 MHz spectrometers 
operated by this Department. Chemical shifts are reported 
in tau (t) values, relative to tetramethylsilane (TMS). The 
220 MHz spectra on pages 177 and 187 were purchased from 

The Canadian 220 MHz NMR Centre 
Ontario Research Foundation 
Sheridan Park, Ontario. 

Infrared (i.r.) spectra were recorded with a 
Perkin-Elmer Grating Spectrophotometer (Model 421), at 
ambient temperature, using matched 1 mm or 5 mm sodium 


chloride cells. 


The solvents used for the n.m.r. and i.r. analyses 


will be specified with descriptions of individual spectra. 


b) Chromatography 


Thin layer chromatography (t.l.c.) was done on 
Silica Gel G. Solvent systems used to develop the plates 
will be specified for individual compounds in section 3 of 
this chapter. Unless otherwise specified, compounds were 


detected with a spray of 3-5% sulphuric acid in ethanol 
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followed by heating on a hot plate. 


Preparative column chromatography was done with 
Silicic acid (100-200 mesh). Experimental detail for 
individual compounds will be supplied in section 3 of this 


chapter. 


An F and M Scientific 776 Prepmaster Jr. was 
used for all of the gas-liquid partition chromatography 
(g.l.p.c.). Operational data are supplied for specific 


compounds in section 3. 


Peeltaet: lation 


The routine removal of organic solvents was 
carried out tn vacuo (water aspiration, 10-20 mm) at 30-40° 
using a rotary evaporator except where otherwise noted. 
When necessary, chloroform, methylene chloride, benzene or 
ether solutions were pre-dried with anhydrous sodium 


sulphate before concentration. 


Fractional distillations were done on a spinning 
band or Vigreux column. Molecular-type distillation was 
used to separate certain of the liquid compounds from 
materials of much higher boiling point, e.g. inorganic 


salts. The apparatus that was used is shown in Fig. 21. 
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dad) Melting points 


Melting points were determined on a Leitz Microscope 
Heating Stage (Model 350), and like boiling points are 


uncorrected. 


e) Elemental analysis 


Elemental analyses were performed in this depart- 


ment uby.. Mrs,.+ D...Mahlow,,and Mis..2.3 Dunnn 


£) Optical rotations 


i) Polarimeter 
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All optical rotations were measured with a Perkin- 
Elmer polarimeter (Model 141), at the D Janes (5892R2). of 
sodium vapour. The instrument was periodically checked for 
accuracy with a standard solution of sucrose (c, 1.0 in 
water) and/or by comparison with the rotation of a solution 
that was registered by an identical polarimeter in another 


laboratory. 


Solution temperatures were adjusted by the 
circulation of thermostatted water through the glass jacket 
of a 10.0 cm polarimeter tube. The same tube, with a sample 
chamber of approximately 6 ml , was used throughout the 


investigations. 


The SEuyacurees of the instrument claims a zero- 
point of +0.002°. However, for most of the solutions studied, 
successive measurements of direct angular rotation were 
reproducible to +0.001° Polarimetric measurement error is 

0.001 x M.W. 


calculated as ee reg ery, where c is the concentration of 


a compound in g per 100 ml and M.W. is its molecular weight. 


ii) Purification of optically active compounds 


This section and the one that follows are concerned 
with the purification and preparation of solutions of 
optically active compounds whose molecular rotations were 
required as part of the study of the effects of conforma- 


tional and configurational structure on optical activity. 
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51 
Chloroform, containing 0.75% ethanol as a preservative, 
was usually used as a solvent for those compounds whose 
optical rotations were measured for characterization 


purposes only. 


The purity of solid compounds could be ensured by 
recrystallization, followed by removal of residual traces of 
solvent tn vacuo (v 0.1 mm). This was repeated until the 


melting points and the optical rotations were constant. 


The solid compounds could be weighed directly 
into tared and calibrated volumetric flasks of approximately 
7 and 10 ml. The flasks were dried in an oven G20 2C)}eeand 
cooled to room temperature under anhydrous conditions, DELO 


to the addition of the compounds. 


Liquid compounds were prepared in an optically pure 
state according to the following procedure. A crystalline 
deémivative; orvayprecursor;, ofa compound was recrystallized 
to constant rotation and melting point. Preparations of 
these specific derivatives are detailed in section 3 of this 
chapter. The liquid compounds were then generated from the 
purified solids by direct and chemically unequivocable 


procedures. 


All such liquids, except for compound 3, were then 
distilled, using the apparatus in Fig. 21, in sufficient 


quantities for all necessary rotation work. The distillate 
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Ls 2 
was dried over a few Linde 4A type molecular sieves. A 
g.1.p.c. analysis was done to confirm the purity of the 
distillate, in particular the lack of organic solvents. 
Micro analyses and/or infrared spectra were taken to provide 


a proof of the absence of moisture. 


Aliquots of these pure, anhydrous liquid compounds 
were transferred to the volumetric flasks with clean dry 
Syringes (Hamilton 100 ul) and then their weights were 


recorded. 


Compound 3 was too viscous to be transferred 
Conveniently by micro-syringe. Sufficient material for the 
rotation work was prepared from its crystalline di-0-acetate. 
The material was then dissolved in anhydrous 1,2-dichloroethane 
and any water that it contained removed as an azeotrope 
by distillation, at normal pressure, of the major portion 
of the solvent (57). A portion of the remaining solution, 
containing enough compound for a single rotation, was 
concentrated at 14 mm pressure and 50°C. Then, the 
remaining anhydrous compound 3 was distilled directly into 
the tared volumetric flask (0.2 mm at a bath temperature of 
90° to 100°C). The amount of compound that actually distilled 
was determined from the increase in the weight of the flask. 
The infrared spectrum of the solution of 3 made up for 
rotation study in pure 1,2-dichloroethane showed no 


absorption that was due to the presence of water. 
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iii) Solutions of the optically active compounds 


There is an estimated absolute error of +0.1 mg 
in the measurements of the weights of optically active 
compounds that were introduced into the volumetric flasks. 
This results in relative errors in the molecular rotation 
of solutions (weighing errors) that range from maxima of 
pure ee iN the case, or compound 5 eq.25 mg in, 7 ml of 
solution) to +0.1% for compound Ven eo 200 0emogm ines Oemicor 


solution). 


For solutions that were to generate a point ona 
rotation curve, the dimethyl sulphoxide or the pyridine base 
was added to the flask, and its weight recorded, after the 
addition and the weighing of the optically active compound.* 
The flask was then filled to the volumetric calibration line 
With L.2-dichloroethane, at 25°C. This filling temperature 
was maintained with a water bath, thermostatted at 25°C. 
"Pilling errors" are estimated at 0.1% of the observed 


Foucacivans. 


Optical rotations for the individual solutions 
were measured at several temperatures. The appropriate 


volumes of the solutions relative. to their values: at 25° 


* 
The only variation in this procedure was with 4- 


chloropyridine. Because of its instability in concentrated 
form, it was kept as a solution of known concentration in 

1,2-dichlorcethane. Its weight would be calculated from the 
amount of this solution (in gm) that was added to the flask. 


















fe FN ie PD Pra “t ban rae. = 141- 4 anoLrtutdae i (bbs ; 


, 4 
se S68) SiR IAS Ne il spit 7 7 
/Ptapiane 2007 wy bit So etree: ae ae 

j + wots a et Mioauw 2eS nia “1 is 
S - , 


ronvs avilte lot MS @aeeges saaeil | 


(aun's4 nolwhisw) taebpaiea ° 

; : — 

yuo to Sés9, dt ee ee 
Kewogdos +4? 02.08 cod ceo 


{ooksy 6 


wi Lees! he ee tm | 


iisvad sts ie ¥ySee 


BRS pal B Chi e i 7 Si) (ul Sabie 8 
ne, d ; . i, , 
ae it de polled ge oie. Sals tae aokt +) 5 


1 : 7 : : 
F . orn oa 1. er * hie ~ . c (fy ihe inet? 3 
(it aby .OF60 ates poneipease eee atin 
; oe % 
Np he : = a ree tw 4) v beta 


Sotauttas sve Tedegee gan 
t A mo 


> os : a 


4 
® 


v , 





ef 
? be 7 Ps ; Ce 
, ws . _ 


Ts oe a ee ay LeEvuokVeDIY 7r Ber FP ue FOs5g fens2go Na 
=~ . 

aw ore 

rat 

aly ' 


i na AMER 


oT Seog nega Lats¥aa 2625 cP ly 





54 


have been incorporated into the calculations of the 


molecular rotations. 


t [alr x. M.W. Be NeW 
[Bit 
D 100 dy 
Con X abs 
[my © = molecular rotation of the optically active compound 
at t°C, recorded at a wavelength of 5892A° 
[aly = specific rotation of the compound, at t°C 
an = direct angular rotation of the solution of optically 
active compound, at t°C 
Cor = concentration of eee ca: active compound in g 
per 100 mi -of-solution,; at<25°c 
d, = density of the solution + density of the solvent, 
We ced Be 
do. = density of the solution + density of the solvent, 
hee, eel 


Anhydrous solvents were not as a rule stored over 
molecular sieves because of turbidity that resulted, but 
were kept in special solvent dispensing bottles LC me 22 2. 
Anhydrous solvents and solutions were transferred with oven- 


dried (120° C) syringes. The polarimeter cell was pre-dried 


in a stream of dried, filtered air. 
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] ( Rubber septum 


Fig. 22: Solvent dispensing bottle 


2. Materials 
a) Starting materials 


A solution of 2-ethoxycarbonylcyclohexanone (60%) 
and 2-methoxycarbonylcyclohexanone (40%) was purchased 
from the Aldrich Chemical Co., Inc., Milwaukee, Wis. The 
two esters were not separated,as both were suitable starting 
materials for the synthesis of (+)-cts-2-hydroxycyclohexane- 


carboxylic acid (23). 


Tri-0-acetyl-1,5—-anhydro-2-D-arabino—hex—-1-— 
enitol (D-glucal traacetate or  tri-0-acety.—-D-qiucaljewas 
obtained in pure crystalline form from Raylo Chemicals Ltd., 


Edmonton, Alberta. 


Tri-0-acetyl-1,5-anhydro-2-deoxy-D-lyxo-hex-1- 


enitol (D-galactal triacetate or tri-0-acetyl-D-galactal 
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was purchased from Raylo Chemicals Ltd. as a 70% solution 


in benzene. The benzene was removed tn vacuo before use. 
Dia0eacery la o-anhyoror? ,»G-dideoxy-L-/yronhex—l-— 
enitol. (L-fucal diacetate or di-0-acetyl-L-fucal) was 
supplied by Mr. Werner Merlo of this laboratory. 
b) General materials 
Ao Cand © LaG 


Silica gel G employed for thin layer chromatography 
and containing about 13% calcium sulphate as binder was 


purchased from E. Merck A.G., Damstadt, W. Germany. 
LP) eo pro1e,; acia Lor column chromatography 


"Silicar" cc-7, 100-200 mesh, was purchased from 


Mallinckrodt Chemical Works, St. Louis, Mo. 
iii) Ion-exchange resin (Ht type) 


"Amberlite"-IR-120H CP resin was obtained from 
Mallinckrodt Chemical Works, St. Louis, Mo. It was rinsed 


repeatedly with methanol prior to use. 
iv) Molecular sieves 


Type 4A and 3A molecular sieves, manufactured by 
Linde Air Products Co., were obtained from British Drug 


Houses Ltd., Poole, England. 
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v) Hydrogenation catalysts 


Palladium-on-charcoal (5%) was manufactured by 
Matheson Coleman and Bell, Norwood, Ohio. The 5% platinum- 
on-charcoal and 10% palladium-on-charcoal catalysts were 


manufactured by Engelhard Industries Ltd. of Newark, N.Jd. 
vi) Lithium aluminium hydride (LAH) 


The LAH was purchased from Metal Hydrides Inc., 


Beverly, Mass. It was ground into a fine powder before use. 
vii) Sodium hydride 


Sodium hydride, manufactured by Alfa Inorganics, 
Beverly, Mass., was received as a 57% suspension in oil. 
Prior to use, the material was mixed, under nitrogen, with 
anhydrous ether or Skelly B, and the solvents then carefully 


decanted. This procedure was repeated three times. 
c) Solvents and their purification 


i) 1,2-Dichloroethane 


1,2-Dichloroethane was obtained from both the 
Eisher Scientific Co., Fair Lawn; N.J.( ands Eastmaneorganic 


Chemicals, Rochester, New York. 


It was purified by fractional distillation over a 


50 cm Vigreux column, taking advantage of the low boiling 
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water azeotrope (57). The initial 20% of the distillate 
was discarded. The anhydrous dichloroethane boiled between 


30.0 and 80.5° at normal pressure. 
ii) Dimethyl sulphoxide 


Dimethyl sulphoxide (DMSO) was purchased from the 
ee baker Chemical Co, Phillipsburg, N.J. it was pre- 
dried for 24 hours over barium oxide powder. The barium 
oxide was then filtered off and the DMSO distilled from the 
Linde type 4A molecular sieves over a 20 cm Vigreux column 
at a nitrogen pressure of 17 mm of Hg. The boiling point 


aeetnis pressure was 79.0-79.5°. 
Pie) y ere tive 


Pyridine was obtained from Eastman Organic Chemicals, 
Rochester, N.Y¥., Or trom Raylo Chemicals Ltd., Edmonton, 
Alberta. It was allowed to stand over barium oxide for 
several days before distillation at normal pressure. 


Chae Ut 2 5) 
iv) 4-Methylpyridine (y-picoline) 


This compound was obtained from the Aldrich 
Chemical Co., Inc., Milwaukee, Wis. It was dried over 
barium oxide for several days before it was distilled at 


normal pressure. B.p. 140.0-140.5°. 
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v) 4-Chloropyridine 


4-Chloropyridinium hydrochloride was purchased 
from the Aldrich Chemical Co., of Milwaukee, Wis. This 
salt (10.0 g, 0.07 mole) was dissolved in 70 ml water. 
Ether was added (100 ml) and the mixture was rapidly stirred 
and cooled to about -10°. A solution of sodium hydroxide 
(4.0 g, 0.10 moles) in 40 ml. of water was slowly added 
over a 20 minute period. The ether layer was then decanted 
and combined with three subsequent 150 ml ether extractions 
of the aqueous phase. These were dried over sodium sulphate 
at 0° and then concentrated at room temperature. The 
remaining colourless oil was treated with Linde 3A type 
molecular sieves and then distilled under high vacuum, at 
less than 45? into a tared receiving trap that was 
Maintained at about -80%.,. The: 4-chloropyridine (4.3 g, 


58%) was a colourless solid at -80°. 


3. Synthetic investigations 
a) 1,2-0-Isopropylidene-4-0-methy1-8-D-sorbopyranose (7) 


the preparation, of 7 was similar to that: of Ole 
and Just (58). 3,4-Anhydro-1,2-0—1so0propy i idene—p-p- 
psicopyranose (11.4 g, 5.6 mmole) was dissolved ina 
refluxing solution of sodium methoxide (11.5 g) in methanol 


(90 ml). After 75 minutes at reflux, the reaction was 
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cooled to room temperature and saturated aqueous sodium 
bicarbonate (5 ml) was added. The mixture was carefully 
adjusted to a pH of 8-9 by the addition of 6M sulphuric 
acid, and then concentrated to dryness tn vacuo. Anhydrous 
sodium sulphate was added and the solid residues then 


extracted with three 150 ml portions of hot toluene. 


Tieserexrtractsranter concentration, yielded 12.0rg 
of yellow solids. Successive recrystallizations from 120 ml 
and then 85 ml of toluene yielded 8.5 g of chromatographically 
pure 7 (as shown by t.l.c., with a developing solvent of 6 
parts benzene and 1 part ethanol). The crystals were de- 
colourized with charcoal and recrystallized twice more 
mone COlUCHeMLO, give colourjess) needles ofii/,im.p. 119.5- 
120°, [a]° - 74.8° (c, 1.0 in 1,2-dichloroethane), -29.6° 


(c, 1.0 in pyridine). [Lit. (58) m.p. 112-1133 (59) 


20 
D 


aivie=29.56(C, 1.0 In pyridine) ] 


m.p. 118-119% [oJ]< - 74 (c, 0.93 in 1,2-dichloroethane) 


b) (+) -ets—-2-Hydroxycyclohexanecarboxylic acid (23) 


A mixture of 2-ethoxycarbonylcyclohexanone and 
2-methoxycarbonylcyclohexanone (100 g of a 60/40 mixture - 
0.61 mole of reducible ketone) was used as starting material 
for the synthesis of 23. Using the procedure described 
in the literature (60, 61) °62),-27+13 g-of 23. (31%). were 


obtained. It was a crystalline compound with m.p. 74-76.5°. 
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[Lit. (60) m.p. 81°; (61) m.p. 76-78°; (62) m.p. 79-80°] 


Nominee data, * “in D,0: Meo. to?) 4 eproton, “ae rough 
doublet with spacing of 2.5 Hz and a base width of 13 


Hz - assigned to H2). 


c) (18,2R)-(-)-ets-2-Hydroxycyclohexanecarboxylic acid (24) 


Compound 24 was obtained from the racemic ects-2- 
hydroxycyclohexanecarboxylic acid vita preparation, and 
subsequent resolution by fractional crystallization from 
acetone, of its diastereomeric brucine salt, according to 
the procedure of Torne (61). It was a syrupy material with 

20 


fal) ee) ee Cor ea OU 11) (ether). [ia COL ye 34072 ic, 


fee rn vether): = (63) — 34.7 (in chloroform)’. ] 


da) (1R,2R) -—(-—) -trans-2-Hydroxycyclohexanecarboxylic acid 


(25) 


This compound was prepared by base-catalyzed 
isomerization of the (15,2R)~-(-)-cts-2-hydroxycyclohexane- 
Carboxylic acid ’(24)7(5"0 g7'-34 68 ‘mmoles; "according to the 
procedure of Torne (61). Optically pure 2 UENO Saya e 
was obtained after three recrystallizations of the product 
from ethyl acetate. The melting point, 107-109°, and 


rotation were the same as those quoted in the literature. 
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[m]*° ae? oO" ee 2 25ein chloroform) [bit. (64 


eye ge od Ra oa ia Ee is IM] , = iw aC LOLoLorm) $72(61)" mep. Li0- 


Fb te 


ait da IM] , SP SCC ea TIVECT TOrOLOMG) « | 


Nowe ceo, in D,0: TeOesO Wa DLOLcon, almult.= 


plet with a base width of 26 Hz - assigned to H2). 


e) (1R,2R) -(-) -ets-2-Hydroxymethylcyclohexanol (6) 


1S ,2R-Hydroxycyclohexanecarboxylic acid(24) 
(2.15 g, 14.9 mmoles) was esterified with ethereal diazo- 
methane in the usual manner (65). The methyl ester was 
dissolved in 20 ml of anhydrous ether and added dropwise 
over 20 min. to a well-stirred mixture of lithium aluminum 
hydride (LAH) (0.5 g, 13 mmole) in ice-cold anhydrous ether 
(75 ml). The mixture was stirred at room temperature for l 
hr and then for an additional hour at reflux temperature. 
Then it was cooled to 5°, and excess LAH destroyed by the 
cautious addition of ethyl acetate (10 ml). The mixture 
was poured into 70 ml of 20% sulphuric acid and extracted 
with a 300 ml portion and then three successive 125 ml 
portions of chloroform. The combined chloroform extracts 
were dried and concentrated to 1.5 g of colourless syrup. 
Crystal] izationfifirometherxis( 7am) tater 20° iat fonda. oer ge 
of 6. This product was then recrystallized three times 
from ether to constant rotation, ime? =a ABT 68 “ot cos Dawei car 


water), and am.p. of 49-50°. Additional rotation data are 
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presented in Tables 13 and 17. 
Anal. Calcd. for CoH, 405: CGA DOs Hl Oe0S 
Founder, 64.44 -y H,>-10ts83. 


Portions of the n.m.r. spectra of 6, taken in 
D,0 at 5°, 40° and 80° are reproduced in Fig. 41 on page Dy Oe 


Coupling constants appear in Table 32, on page iT ae 


£) (1R,2S)-(-) -trans-2-hydroxymethylcyclohexanol (5) 


Compound 25 (Ws6-9,) Ligmmoles) was esterified 
with ethereal diazomethane in the usual manner (65 ives tne 
methyl ester was dissolved in 200 ml of ether and slowly 
added to a well-stirred mixture of LAH (0.85 g, 23 mmole) 
in 100 ml of ice-cold anhydrous ether. After the addition 
had been completed,the reaction was stirred for an additional 
24 hrs at room temperature. At this time excess reagent 
was destroyed by the cautious addition of ethyl acetate 
(10 ml), followed after 30 min by 5 ml of water. The mixture 
was partitioned between 50 ml of 20% aqueous sulphuric acid 
and 300 ml of chloroform. The aqueous layer was extracted 
four times more with 125 ml portions of chloroform and the 
combined chloroform extracts were then dried and concentrated. 
The residual syrup (1.6 g) was chromatographed on a sre sag A 
cm column of silica gel, using a 7 to 3 ratio of chloroform 


and acetone as the eluting agent. 
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Chromatographically pure 5 (1.07 g, 74.5%) was 
isolated and then recrystallized three times from ether to 
constant optical activity, [my *° UPL etrt tC, Uso) ail WwaGer) 
and am.p. of approximately 23-24°. Pitre OU) ps tere ey 
fin ether)]. Complete rotation data for 5 are presented in 


Tables 13 and 15. 


Webs Rte (86 Qkele yy eine ts CoH, 40,: Gre OSeoo8e ALO. GA. 


MOULC sec geeOaeesU's ohne O ¢ 


Portions Of the nm. ra spectra of 5 in D,0 are 
reproduced in Fig. 40. Coupling constants are listed in 


Table 32 on page-1l77. 


Glee Lhe hydrogenation. of tri-0-acety]-D-galactal 


i) The preparation of (S)-(+)-2-acetoxymethyl- 
Peteanycropyran (26) and tri-0—acety1-1, 5-anhydro-2-deoxy-D- 


tyxo-hexitol (28). 


ELi-U-acety.-D-galactal (40.0 9, 147 mmoles) “was 
hydrogenated in a solution of ethyl acetate (200 ml) and 
diethylamine (12 g, 16.5 mmoles) over 4.4 g of 5% palladium- 
on-charcoal at atmospheric pressure (see ref. 4). It was 
necessary to change the Catalyet alter o, 16, cio tien 24 
hours of reaction time. After a total hydrogenation time 


of 40 hours, the uptake of hydrogen ceased at 6 litres. 
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The catalyst was removed by filtration and the 
filtrate concentrated to about 100 ml. This solution was 
diluted to 500 ml with chloroform and then washed successively 
with 1 N hydrochloric acid (300 ml), water (500 ml), saturated 
sodium bicarbonate (300 ml) and finally with water (100 ml). 
It was dried over sodium sulphate and concentrated in vacuo 
(water aspiration at less than 35°) to 24 g of red-brown 
syrup. A G.t.p.c. analysis using a 6 ft, L/4 in copper 
column packed with 10% Carbowax M on 60-80 mesh Ultraport 
and a carrier gas flow of 60 ml of nitrogen per min 


revealed only three components, plus residual solvent. 


Component Retention time Percentage (by area) 
Tes 2 Ommine vat. 175ic As 
eS REPS wiar eee she ESS 4 


Amin sat. 200° 


oe 1S Onan ac 2002 50 


Ties tur st conponeni.. (5.3409) sd1sti bled. from, the 
mixture between 80° and 85° at a pressure of 13 + 1 mm. 
An n.m.r. spectrum, in chloroform-d, showed that it was 
mainly (S) - (+) -2-acetoxymethy 1tetrahy dropyran (26). The 
spectrum also contained absorbances that were due to the 
presence of a small amount of an additional compound or 
compounds, most probably ethyl acetate or N,N-diethylacetamide. 
This semi-pure 26, which had fee oe oh i ghee Uy ee LED 


chloroform) was not further purified. [Lit. (9), b.p. 
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60362 ° sable aim? To *° PROGR Gee MedeS: i Chiiovofern)). 


eee data Or 2G, 10 chiorororm—d, tr 5.95 
(2 protons, a "doublet" with a spacing of 5 Hz;assigned to 
the exocyclic methylene protons), 5.8-6.2 (a one proton 
multiplet assigned to the equatorial hydrogen of the 
carbon adjacent to the ring oxygen), 8.28 (a singlet 


corresponding in intensity to the acetate group). 


A second fraction (2.1 g) distilled between 75° 
miugsUcnated pressure, OF 0.08 mms ~A gq.1.p.c. investigation 
SHOweUneoOUul. a02) COs) fatlo Of the second to the third 
component. A small amount of the second component was 
separated from this mixture by preparative gas-liguid 
chromatography on an 80 in, 20% silicone gum rubber 10-60 w 
column. The n.m.r. spectrum, in chloroform-d, was consistent 
with spectral data reported for 4,6-di-0-acetyl-1,5-anhydro- 


eee mL deoxy -D-tnréo-hexitol (27 )ein) ret... 


N.m.r. data for compound 27, in chloroform-d: 
fet. s Cl OroLlon — Tough singlet. with a half band width of 
6 Hz; assigned to H4), 5.92 (a two proton "doublet" with 
spacing of 5 Hz; assigned to H6 and H6') 7.9, 7.95 (three 


proton singlets; assigned to the acetate protons). 


Finally, 6.6 g of the third compound was distilled, 
between. 90° and: 95° and ‘atila pressure: of 0203:mm nA g.l.p.c. 


and n.m.r. analysis showed that the viscous oil, with 
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[a]>° + 51.3° (c, 0.69 in chloroform) was pure tri-0- 
acety1-1,5-anhydro-2-deoxy-D-Zywo-hexitol, (28), [Lit. (9) 


b.p. 141-144° at 2 mm; [a]2° + 43.7° (c, 0.75 in chloroform)]. 


Neitet. Gata tor 28, in chloroform-d: + 7.88, 
7.97, 8.03 (singlet acetate signals), 4.74 (one proton, 
a rough doublet with spacing of 3 Hz; H4), 5.00 (one proton, 
a broad multiplet with base width of 20 Hz; HS )38-52 65-6265 


(5 protons) 7.5-8.6 (11 protons, including the acetate Signals). 


ii) The preparation of semi-pure di-0-acetyl- 


1,5-anhydro-2,3-dideoxy-D-threo-hexitol (27) 


When -a-solution of 1150 g of Eat 0 -aceryi-)— 
galactal in 100 ml of ethyl acetate was hydrogenated at 
2 atm, over 0.7 g of 5% palladium-on-carbon, and in the 
presence of 0.28 g of diethylamine, g.p.l.c. investigations 
showed that there was 9% of compound “/eiLnethe) reaction 
mixture. The catalyst was removed by filtration and the 
filtrate combined with several similar hydrogenation 
products. These products had been obtained using lower 
pressures and different ratios of materials to those just 
listed, and as a result contained somewhat lower yields of 
27. This combined solution, which represented 100 g of 
hydrogenated galactal triacetate, was concentrated and the 


residual syrup was then distilled on a spinning band 


column. 
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The first fraction, 20.0 g boiling at and below 
80° at 13 mm, was shown by g.p.l.c.:to contain compound 26 
as the major component. There was no signal corresponding 


to compound 27. 


The second fraction that was isolated (5.7 g) 
distilled between 90° and 100° as the pressure was gradually 
lowered from 0.6 to 0.09 mm. A g.1l.p.c. analysis showed 
that this distillate was about 75% compound Ae LUC eres t 
of this fraction was composed of approximately equal 
amounts of 26 and 28. Nevertheless, compound 27 was 
sufficiently pure to permit the preparation and subsequent 
purification of the diol, 1,5-anhydro-2 ,3-dideoxy-D-threo- 


hexitol (4). 


h) (S)-(+) -2-hydroxymethyltetrahydropyran, (1 ,5-anhydro- 


2,3,4-trideoxy-D-glycero-hexitol) (29) 


i) Deacetylation of (S)-(+)-2-acetoxymethyl- 


tetrahydropyran (26) 


Compound 26, prepared as described in section g-i, 
(4.75 g, 30 mmoles) was deacetylated in anhydrous methanol 
(50 ml) containing enough sodium methoxide to give the 
solution a pH of 11 (determined with Hydrion pH paper). 
The solution was allowed to stand for twenty hours at room 
temperature and then was neutralized with Amberlite IR 120 


(H') resin. The solvent was removed at 30° and then the 
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residual oil was distilled (molecular distillation at 0.07 


mm pressureand 25°). The distillate (3.0 g), which had 


PAS, 
D 


Byer rortaialg. lc. 


[ao] 


+ 19.2° (c, 0.67 in water), was examined for purity 


TESeN.M.r. spectrum, in chioroform—d, showed 
impurity peaks centred at 7.9 and 8.8 1 along with the 
absorptions expected for pure 2G ceGr tl oes The g.Jsp.c. 
analysis, carried out on a 6 foot, 1/4 inch. copper column 
packed with 10% Carbowax M on 60-80 mesh Ultraport, with a 
nitrogen flow of 60 ml per min , showed one major peak 
(95% of the total areas *withra retention” timetof 1273 min 
feels. Atethis temperature the only significant impurity 


Magea rerention time of 1:3 min. 


ii) Preparation of 1,5-anhydro-2,3,4-trideoxy-6- 


0-triphenylmethy1l-D-glycero-hexitol (30) 


Compound “29%, ~as= prepared’in section h=1 above, 
(2.75 g, 23.7 mmoles) was dissolved in 50 ml of ice-cold 
anhydrous pyridine. Triphenylmethylchloride (6.7 g, 24.3 
mmoles) was added and the solution then allowed to warm 
to room temperature. After forty-eight hours the products 
were poured into a well-stirred mixture of ice and water 
(11). One hour later the solid products were isolated 
by filtration and recrystallized from 20 ml of methanol. 


Pure 30 (4.9 g, 48.5%) was obtained after two further 
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70 
recrystallizations (at +15°C), first from 50 and then from 
25 ml of 98% ethanol. Its melting point and optical 


rotation were unchanged after a further recrystallization. 


Mop 107-1082, [a]*° W0LES VceelasG in eiietoform) 


Bia LeGal ed for Co 5H 605: anc ee ee 


Pound: we peoe.. 56.80 2/625. 


iii) The regeneration of pure compound 29 from 
1,5-anhydro-2,3,4-trideoxy-6-0- 


triphenylmethy1-D-glycero-hexitol (30) 


The pure 1,5-anhydro-2,3,4-trideoxy-6-0- 
triphenylmethy1l-D-glycero-hexitol (30) (4.0 g, 11.2 mmoles) 
was dissolved,in-chloroforme(75 ml) at 0°2 °A- slow stream 
of anhydrous hydrogen bromide gas was bubbled through the 
SoruCcOnye wi Ch estinring, until t.1-c. . using 4 parts benzene 
to 1 part of ethyl acetate as solvent system, indicated the 
complete conversion of 30 to the much.less»smobile 29) pilus 
triphenylmethyl bromide. The triphenylmethyl bromide was 
detected as a transient yellow spot when the plates were 
Sprayed with 3% ethanolic sulphuric acid. Compound 30 
initially formed such a yellow spot, but on heating it 
quickly charred to black. The reaction product was 


concentrated at 30° and 13 + 1 mm pressure until all but 
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a trace of the solvent and excess HBr had been removed. 
Compound 29 was then distilled from the semi-solid mass 
(molecular distillation at 0.08 mm with bath temperature 

of 30°). A small amount of trimethylamine was added to 

the distillate (enough to give a basic response to Hydrion 
(pH 1-14) paper. Excess amine was removed in vacuo. Then, 
compound 29 was re-distilled at 0.1 mm pressure, with a 
bath temperature of 30°, into a clean, dry receiving flask 
that was cooled in liquid nitrogen (Fig. 21). The product 
(620 mg, 47%) was stored over a few Linde 4A type molecular 
sieves. A g.l.p.c. investigation (as detailed in section 
Pet ereveated only pure 29 with a b.p. (0.8 mm) of about 30° 
and [m]“° + 26.1° (c, 0.5 in water) [Lit, (9) b.p. 90-91° 


2 


at 20 mm, IM], fae ia CO wel. Omni water). |i 


Anal. Caicd. for CoH) 505: Gyro. Us eH LO. abe 


CoH, 505°H,0: Cee Ore LO oe. 


RoucdsnC, Le Zee. 71:0 «57. 


N-m.©- data for 29, in chloroform-d: 1 5.93-6.22 
(1 proton, a rough doublet centred at 6.01, with spacing of 
11 Hz; assigned to the equatorial proton on the carbon 
adjacent to the ring oxygen), 6.3-6.8 (4 protons; a 
prominent "doublet" centred at 6.47 with spacing of 2 Hz 
is assigned to the exocyclic methylene protons) 8.0-9.0 
(6 protons - an unresolved multiplet). Also see Fig. 46, 


page 192. 
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i) 1,5-Anhydro~-2 ,3-dideoxy-D-threo-hexitol (4) 


i) Preparation of 1,5-anhydro-2 ,3-dideoxy- 


4,6-di-0-p-nitrobenzoy1-D-threo-hexitol (31) 


Crude 4,6-di-0-acety1-1,5-anhydro-2 ,3-dideoxy-D- 
threo-hexitol (27) "(5.7°9) ; prepared as detailed in 3ée ton 
g-ii, was dissolved in about 200 ml of anhydrous methanol. 
Enough sodium methoxide was added to this solution to give 
it a pH of 11 on Hydrion pH paper. The mixture was left 
overnight and then neutralized with Amberlite IR 120 (H*) 
resin. A t.l.c. investigation, using 4 parts ethyl acetate 
to 1 part of ethanol as a solvent system, showed a major 
product with an approximate R, of 0.6, and minor products 


with approximate Re values of 0.3 and 0.8 respectively. 


The solution was concentrated and the syrupy 
product triturated with about 50 ml of ether. Approximately 
2.4 g of the product dissolved in ether, and it was 
subsequently shown by t.l.c. (same solvent as above) that 
this ether-soluble fraction contained the material with R 


f 
of 0.6 as well as the minor component whose Re was about 
0.8. The least mobile of the original products was almost 
quantitatively “insoluble “in “the"ethery “Aet.tJc, Por this 


crystalline ether-insoluble fraction showed that it had 


the same Rp as 1,5-anhydro-2-deoxy-D- Zyxo-hexitol (S27). 
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The ether-soluble syrup (2.3 g) was dissolved in 
30 ml of anhydrous pyridine. Then, P-nitrobenzoyl chloride 
(7.6 g, 41 mmole) was added and the mixture warmed, with 
stirring, until it became homogeneous. The reaction was 
heated on a steam bath for one hour, and then the semi- 
solid product mixture was stirred into 150 ml of an ice- 
cold 5% sodium bicarbonate solution. One hour later the 
solids were isolated, by filtration, washed with 5% sodium 
bicarbonate and then with water. The light brown product, 
after drying, weighed 6.85 g. This afforded 5.35 SeOLaes. 
with frac seose? s(C,. 0.61) inschloroform) after one 
recrystallization from 200 ml of ethanol.* A t.l.c., 
using a solvent of 4 parts benzene to one part ethyl acetate, 


showed only the presence of one component, with an R, of 


i 


approximately 0.7. A t.l.c. of the mother liquors revealed 
this same material, and also substantial amounts of a 


faster moving substance. 


The product was recrystallized once more from 150 


mirof ethanols “The “almost colourless’ crystals of 31 had 


[a]*° SE ggR5°R (GPO Senin Men lorecormPeana mal tea aeerso isto 


Enough dichloromethane was added to make the product 
soluble in the ethanol. Then it was distilled out, taking 
advantage of its low boiling azeotrope with ethanol (67). 
The total volume was maintained at about 200 ml by the 
periodic addition of hot ethanol, and the solution allowed 
to cool when the solvent vapours reached a temperature of 
Tos 
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Anal. Calcd. for C5 Hy gOgN>: CeO Lait eae es 
Nee. DL. 


FOUN C.-C, 32/5; Hy oa wer N, 0.46. 


on data for 31, pba mola Mos Cs Pal os (/bqt 6 p-Reeciny cg Ree #2 leant Bay fr 
(8 protons - a "doublet" centred at 1.75 with a spacing of 
4 Hz; assigned to the p-nitrobenzoyl protons), 4.62 (1 proton, 
a rough singlet with a half band width of 5 Hz; assigned to 
H4), 5.44-5.57 (2 protons; assigned to H6 and H6'), 5.66- 
Bede procons* HU Foi and H5), 7.5-8.6 (4 Drocons : 2 HZ, 


woeand-H3..)". 


ii) Regeneration of pure 1,5-anhydro-2 ,3-dideoxy-D- 
threo-hexitol (4) from 1,5-anhydro-2,3-dideoxy- 


4,6-di-0-p-nitrobenzoy1-D-threo-hexitol eel, 


Compound 31 (4.8 g, 11.1 mmoles) was dissolved 
in a solution of dichloromethane (60 ml) and anhydrous 
methanol (100 ml) that contained 10 mg of sodium methoxide. 
Barrer 2 hours, the solvent was removed and the semi-solid 
Products extracted twice with 40 ml_portions of water, A 
t.1.c. investigation was done, using as mobile phase a 
mixture of four parts of benzene to one part of ethyl 
acetate. A developed plate that had been spotted with the 
water-insoluble material (methyl p-nitrobenzoate) did not 
contain any components that could be charred by heating 


after spraying with 3% ethanolic sulphuric acid. 
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The combined aqueous extracts were made alkaline 
with 3 g of sodium hydroxide pellets and left to stand for 
24 hours, in order to eh Mees any residual esters of 
p-nitrobenzoic acid. Then this basic solution was continu- 
ously extracted with ether for a period of 48 hours. The 
ether extracts, on concentration, yielded 1.39 g of colourless 
ond. Shecelvcs investigation using 4 parts of ethyl acetate 
to 1 part of ethanol as the mobile phase, showed only 1 


detectable compound, With an R. of about 0.6. 


i 


The syrup was dissolved in 25 ml of anhydrous 
methanol, and the solution dried over Linde 4A type molecular 
Sieves. After separation of the sieves, the bulk of the 
methanol was distilled out at normal pressure, under anhydrous 
conditions. Remaining methanol was removed at room temperature 
using a pressure of 0.2 mm. The residual anhydrous 4 was 
distilled using the apparatus shown in figure 21. (0.2 mm 
qvomasvathiecemperacure, OL. 95.).. ine distiliate, 1.19 g, 
which was shown by n.m.r. spectroscopy and by t.l.c. 
investigation to contain only compound 4, solidified on 
standing at room temperature and had [Mm] <> coi ee (eee 
in water). It was recrystallized at a temperature of 5° 
from 20 ml of anhydrous ether. This recrystallized 4 
(870 mg) melted at 51-53.5° and had [m] 4° + Gore acy Onno 


in water). Additional rotational data are listed in Tables 


Lapand rba 
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AYral.scaLtca. ror CoH) 03: aks ha) Spicy okt ae 


Poung:. CC, 54.84: -H, 9.20. 


Thesnsm.r©. spectrum of 4, in Do0, is reproduced 


in Fig. 44, on page 192. 


Hyd, 2 anhydro-4-deoxy-D-7yxzo0-hexitol--(32) 


A sample of this compound that had been 
recrystallized to constant rotation was obtained from 
Dre T.-L. Nagabhushan of this laboratory. It melted at 121° 


and had [m) 4° te OO aCe PO. Or] tmwacer)’. 


ieee, -Annydro-72,0-dideoxy—-L-Lyzo-hexitol, (33) 


Di-0-acety1-L-fucal (0.5 g, 2.3 mmoles), dissolved 
in 5 ml of ethyl acetate,was hydrogenated at atmospheric 
pressure over G0 mg Of 52 platinum-on-Carbon. After 5 hrs 
of hydrogenation time, the catalyst was removed by filtration 
and the filtrate concentrated to a colourless oil. At.l.c. 
investigation of this product, using as eluent a mixture of 
3 parts benzene to 1 part of ethyl acetate, showed that the 
starting material had been quantitatively converted to a 


single, less mobile compound with an Ry Of apout 0.5. 


About 0.4 g of this oil was dissolved in 50 ml of 
anhydrous methanol that contained a catalytic amount of sodium 


methoxide (15 mg). After 10 hrs the solution was neutralized 


Rc ar LS oan toatl af 90.5 


* 





tS 2 = | 

an 7 : — : a) as : 

, » 4 Ca ? 
_ ay . ) 


Sy wai x a o i Bek ioe 


ae 4 2 (ime a “a oy t Jrowpaneyrl 10 


oth Seda booragatte gueseon Lyre 










: => yhe pit ab 
, ae 


o~L-dzeydabeOck 


os & A 
r 
. “ 


’ Lane 
ot opel laveyoee 


J es a ey 
SLO wee ol 
- = 


i i h Gy doA~2, LZ 


rence avila ot Smee 


% 

e 

a 

> 

~~ . 

2. 
. 


tM; 


te 
T * — I ar rr en 


HIi--hy 
$ 
i 





oh feat sec fem 


Sy SSR rel pea alee gaa ee) ES RE SCRE ap 


Pagan cose, LoeHp er .espectram (G0gMuz) sof 1.,5-anhydro- 
2,6-dideoxy-L-/yxo-hexitol (33) in (D,0) . 
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Fig. Zo “Me 1... Tr. Spectrum (60 MHz) of 1,5-anhydro- 
2,6-dideoxy-D-arabino-hexitol (9) in (D,0). 
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with Amberlite IR 120 (Ho resin and concentrated to 160 mg 
Deee er yotareine solid.” A t.1.¢.: investigation, using as 
solvent a solution of 3 parts ethyl acetate to 1 part of 


ethanol, revealed only one compound in this product. 


This material was recrystallized three times 
from small amounts of ether and afforded 80 mg of compound 
33, with m.p. 60-61.5° and [M]“> - 54.9° (c, 0.33 in water). 
The molecular rotations (in water) after the second and third 


recrystallizations were the same. 


Apale Calcd. f£oY CoH 903: Te aos: Hye ORR 


HOUDGs 6 C,) Da. fot, 9. 2d 


The nom. ©. spectrum, taken in Do0, is reproduced 


ares. 2S 


1) The hydrogenation of tri-0-acetyl-D-glucal — preparation 
of 4,6-di-0-acety1-1,5-anhydro-2 ,3-dideoxy-D-erythro- 


hexitol (34) 


Eri—0—acetyl-D-glucal (49 q, 180 immolels was 
hydrogenated at atmospheric pressure over 5% palladium on 
charcoal (5 g) in a solution of ethyl acetate (200 m1) and 
diethylamine (15 ml). It had been previously reported that 
this base promoted the formation of compound 34. (22, 68). 
The hydrogen uptake stopped, at 7.7 1. (290 mmoles), after 
24 hrs. 












’ 2 oy » . 
¥ - qi Aa id 4 4g de 
. — 
’ a. * oy - ‘ + '& » t 
. + OD a 3 wl e@ewre«,logs 
im : oe ke 
i = i eh ie * 
: Po A _o > F 7 - ae , 4 q ry ms es 
' i 7 noo, Linas is 
+ ~ * ‘ . : : ; : a * ? . 4 Pe - § 
a . v8 2 ~~ axl Py ml Atle: 
i , * ; “tie 
‘ ) @¢eabpeagom Za 2 9LOR | 
et Aid ‘ se ‘ Bh (| nds ~SIay 
, dle: * os re" 
~ ~ a ; 
~ tn 7, F 
2 ‘ fies Tt 
aad ale : brary tat tT 
AG s 
" ad 7 7 ; 7 


aaar 4 nate Os -,% ial: 7 - A be Gil ae 





2 


aia ST .* | ~ teats owas - 


¥2 


The catalyst was removed by filtration and then the 
filtrate was diluted with 200 ml of benzene. This solution 
was washed successively with 2N hydrochloric acid (250 ml), 
water (250 ml), saturated sodium bicarbonate solution (250 
ml), and finally with water (200 ml). Then it was concen- 
Pratea tO, 34.5 9 Of residual oil. “A Crl.c. investigation 
of this oil, using as the mobile phase a mixture of 2 parts 
Benzene to 1 part of ethyl acetate, revealed only two 
components. The major product was subsequently identified 
as compound 34. The minor, less mobile product had the 
same Re as 3,4,6-tri-0-acety1l-1,5-anhydro-2-deoxy-D- 


arabino-hexitol (35). 


A t.lsc. investigation during the course of the 
hydrogenation revealed the formation of an intermediate product 
with a larger Re Valueethensthatpor 34 or 35.5 As the hydrogen 
uptake proceeded, t.1l.c. showed that this product was converted 


to 34. 


The crude reaction product was combined with the 
crude product from an identical hydrogenation of 51.9 g of 
: D-glucal triacetate, and the total product (66.5 g) 


fractionated on a spinning band column. 


Compound 34 (56 g; 70%, based on the total 
hydrogenated glucal triacetate) distilled at 70-73° ata 


pressure of 0.07 mm. It solidified on standing at room 
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temperature. No 35 could be detected in the distillate 
by t.l.c., although there was a trace of substance with a 


larger R,. value than that of 34. 


x 


After two recrystallizations from toluene (25 ml) 
weurz0 "7 there remained *40*¢ of@pure 34 with mip. 35-36° 
and [a]*° + 41.9° (c, 0.62 in chloroform), + 39.9° (c, 

Q.65 in ethanol). Prete} sb. pee (es mn) 89-90 Fs "(69) 
25 


fal, 4g 58 (Oe een ethanol) |. 


Nim.re data, in -penzene-d for compound 34: 


6! 
t 5.25 (1 proton, a multiplet with large spacings; assigned 
Mom eo. es prOLcons ; Ho=andsH6')), 6.15 - to 7.25 

(ie al and 15) 7 72575-9.0 (10 protons, including two 
acetate singlets at 8.24 and 8.28). These spectral data 


compare favourably with those values reported for this 


compound in ref. 22. 


yes os -Atrinydro-2 ,3-dideoxy—D-eryinro—nexitol (3) 


Compound 34, (1.0 g), m.p. 35-36° and fuyes +¥42%6° 
(c, 0.79 in chloroform), was added to a solution of 50 ml 
of methanol containing a trace of sodium methoxide. After 
12 hrs, t.léc. showed only the diol, 3. The solution was 
neutralized with Amberlite IR 120 (H') resin, filtered and 
concentrated to about 0.65 g. This material was dissolved 


in 25 ml of 1,2-dichloroethane and solutions containing 3 
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prepared for rotation study as described on page 52. The 


material had [m+ + G09 toes) Aarwater)& 


Portions of the n.m.r. spectra of 3, taken at 
5°, 40° and 80°C are reproduced in Fig. 43 on page 187. 


Coupling constants appear in Table 32 on page 176. 


n) 4-0-Acetyl-1,5-anhydro-2 ,3-dideoxy-6-0-p-toluenesulphonyl- 


“D-erythro-hexitol (36) 


i)”)6 | U6Tosylation of 1, 2~anhydro-2,3-dideoxy-D- 


erythro-hexitol co) 


A solution of 3 (8.0 g, 60.5 mmole) in pyridine 
(40 ml) was maintained at 0° for 2 hrs while a solution of 
Peeo uenecsulphonyl chicride: (11.6.9, 61.5 mmole) in 50 mi 
of pyridine was slowly added. The reaction was kept at 8° 
Porm i2enre, andsthen poured into 800) ml of ice-water. The 
mixture was stirred for 2 hrs and then the crude product, 
Dlusspyeidine,. was extracted with chloroform (3 x 250 ml). 
The combined chloroform extracts were then washed with water 


(100 ml), dried, and concentrated to 14.0 gsof syrupy residue. 


ii) Acetylation 


The syrup (14.0 g) was dissolved in 30 ml of ice- 
cold pyridine and treated with 10 ml of acetic anhydride. 


After it had stood for 4 hrs at room temperature, the reaction 
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mixture was poured into a vigorously stirred mixture of ice 
and water (600 ml). Thirty minutes later,13.8 g (69%) of 
crude’36 was filtered off and then recrystallized from 
methanol/water (95 parts of methanol to 5 parts of water). 
After two such recrystallizations, 10.7 g of pure 36 was. 


obtained. 
° BUS oO » Me 
Meo GG-Olke: fal), ey ere (eee. seine cColOoroLlorm). 


RjialeeCavcde. Lor Cy 5H, 90,8: Cy 5A, coe Hi, 6. Las 


<5 ge 
POMC aml eee Gt eee no oko ye Oo Oo. 


Neer mOatdm=1Or 56, sinychlorotorm-d: @ 2v16-2.74 
(4 aromatic protons as an AA'BB' quartet, centred at 2.45); 
fe ee ee eo DLOLONesiIng et; sassigned to: the CH of the 


p-toluenesulphonyl function); 8.02 (a three proton singlet; 


assigned to the acetyl protons). 


eee anu yoLO-2, 3 ,G6-cCriocoxy—6-10d0—-D-ery tnro-hexi tol ts) 


Gompound 3 69 (10 70% , *30 "nmole). “was added *to™a 
refluxing mixture of sodium iodide (10.0 g, 66.6 mmole) in 
acetic’ anhydride (200ml). "AEterv90 “minutes ~at*reftlux 
temperature, the reaction mixture was cooled and then poured 
into 700 ml of ice water. Solid sodium bicarbonate was 


added slowly and with constant stirring, until the lower of 
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the two liguid phases solidified. This eRe product was 
filtered off and later combined with four 100 ml chloroform 
extracts of the filtrate. This chloroform solution was then 
washed with water (100 ml) and concentrated to dryness. 

The solid residue (8.5 g) was twice recrystallized from 
Sseilyee and aifordeds>.95g ofspure 374(31%3).. ,lts,melting 
point (66-66.5°) and rotation ({al*° Poaceae tn 


chloroform) were unchanged after a further recrystallization. 


Nivaitee Ca PCO LO CoH) 3031: Cro we cae 4.0 34 


1 aw 7. 


OVD C ae fe ee tt 4 Oe Le 2 OS. 


Piel, >= Anhvdro-2,3,,6-trideoxy-D-erytyro-hexicol :(10) 


Compound 37 (5.5 g, 19.4 mmole) was hydrogenated 
at atmospheric pressure in a solution of ethyl acetate 
(503 mL)» and? triethylamine. (2.0-g)...The catalyst was.1.0.g 
Of. > tepatLadium—on—-Charcoal.+; Twelve. hours, after_the, hydrogen 
uptake had ceased (20 hrs total) the mixture was filtered 
and the filtrate concentrated tin vacuo (15-20 mm) to 4.0 g 
OL Syrup. 9 THis syrup was then dilutedswith bod smisor 
dichloromethane and the solution washed successively with 
0.5 N hydrochloric acid (100 ml) and saturated sodium 
bicarbonate solution (100 ml). Then it was dried and 


. concentrated to yield the acetate of 10. 
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This oil was directly deacetylated in 50 ml of 
methanol that contained a trace of sodium methoxide. After 
15 hrs, the solution was neutralized with Amberlite IR 120 
(HT) resin, molecular sieves were added, and the bulk of 
methanol distilled out at normal pressure. The residual 
methanol was removed at 30° and a pressure of 1.5 mm of Hers 
Pomect at: «})< Ca enyeeee ation SPV tie residue, using a 6 ft, 

1/4 in. copper column packed with 10% Carbowax M on 
Ultraport, 60-80 mesh, and a carrier gas flow of 60 ml of 
nitrogen per minute showed only chromatographically pure 


compound 10, with a retention time of 4.3 min at 130°. 


Thais material was dried once again over Linde 4A 
type molecular sieves and was then distilled into a dry 
receiving flask using the apparatus depicted in Fig. 21. 
(0.2 mm and a bath temperature of 50°). ‘The yield of 10 
was 1.8 g (80%). A t.l.c. analysis, using as mobile phase 
a™mixture of 3 parts benzene to 2 parts ethyl acetate, as 
well as a g.1l.p.c. investigation, confirmed the purity of 


this *material. 


Compound 10 boiled at approximately 35° at 0.5 mn, 


25 
D 


rotation data are reported in Table 14. 


and had [M] + 39,0 (¢, 0.44 in water) =) Addi tical: 


Anal. “Gated = Por CoH) 505: Co Meee He LOCAL, 
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The n.m.r. spectrum of 10, taken in D0, is 


reproduced in Fig. 24 on page 77. 


q) 1,5-Anhydro-2-deoxy-D-arabino-hexitol (38) 


Crude 1,5-anhydro-2 ,6-dideoxy-D-arabino-hexitol 
that was suitable for the preparation. of 3,4-di-—0-acetyl- 
1,5-anhydro-2-deoxy-6-0-p-toluenesulphony1-D-arabino- 


hexitol was prepared in the following manner. 


Tri-0-acety1-D-glucal (31 g, 114 mmoles) was 
hydrogenated in ethyl acetate (50 ml) over 5% palladium- 
on-carbon (2 g) in the absence of diethylamine (225,. 00); 
using a Parr hydrogenation apparatus. The pressure dropped 
from 52.5 to 43 psi in the space of 15 minutes and then 
remained constant. The catalyst was removed by filtration 
and the filtrate concentrated to 32.5 g of syrup. This 
syrup was dissolved in anhydrous methanol and then 
deacetylated using a catalytic amount of sodium methoxide, 
in the same manner as was described for compound 3, on 
pg. 80. The product was a colourless viscous syrup. A 
t.l.c. study, using a solvent system of 4 parts benzene to 
1 part ethanol, showed that the product contained only one 


component. This component had the same R; as authentic 


1,5-anhydro-2-deoxy~D-arabino-hexitol (38). 
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r) 3,4-Di-0-acetyl-1,5-anhydro-2-deoxy-6-0-p- 


toluenesulphonyl-D-arabino-hexitol (39) 


ay “Tosylation,of.1,5-anhydro-2—deoxy—D- 


arabino-hexitol 


A solution of p-toluenesulphonyl chloride (13.9 g, 
73 mmoles) in 50 ml of anhydrous pyridine was added, over 
Peper. o0 obe2 lire, to a stirred, ice-cold solution of 
compound 38, prepared as described above, (10.7 9g, 1364 
mmoles) ing 75> ml of anhydrous pyridine. After the reaction 
Mixture hedsremained for, 12 hrs at.0° and then for, a, further 
Pee ieer ated. ei tewace DoULeO into, | titre of ice-water. After 
30 min of vigorous stirring, solid materials (probably 


ditosylates) were filtered off and discarded. 


The filtrate was extracted with a 500 and then 
three 250 ml portions of chloroform and the combined 
chloroform extracts were then concentrated to 13.5 g (61.5%) 
Of crude 1,5-anhydro-2-deoxy-6-0-p-toluenesulphony1~D- 


arabtno-hexitol. 


ilaly ACECY bot. 


Acetic anhydride (20 ml) was added to an ice-cold 
solution of this crude tosylated material in 80 ml of 
anhydrous pyridine. After 20 hrs at room temperature, the 


solution was poured into a well-stirred mixture of ice and 







- 7 « ane os ; 
S| wl ori h 
* . : 
, é ’ t 
; ‘ Y rf de fr 2 
; is 5 ‘ ra 3 - pe : 
‘ . A 
: i) Sak “ oe 2 ty e 
; ‘ tia We. da 
ie wt 
i j 4 ; | 
' ie 3 > 
4 m 7 > o je “« 2 
= 4 
4 { j ‘ | . iC 1 
! : Pa 4 4 37 A ae on 
i =i : ; 
j ug j 
. 7 * a 7 - 
‘ ¢ ; we PAM 
» 
*, ' ; mist | AS 
rw. Ot 
« e ie * 4 . M a veh ; ae A ; r. 
F ‘ = ms - 3 \ — © 
Sites . Ol ns 33 sag fn VES gexae 
x 
— i ; j I v4 sad OAD 7 8 a2clote 5 2 
.  * as 4 
‘ 3 ' ! ef Poa = ; : % 
; ‘s e . ] oe» ’] CSU eRe gE ‘pherio ig 






A 
at 


Led courtier een tie 


~ 





Se eras 


87 


water (600 ml). Thirty minutes later, crude 39 was 
filtered off, rinsed with water, and dissolved in 100 ml 
of hot 95% ethanol. On cooling, the solution deposited 
Pay teqroles?. wan analytical sample melted™at-127.5-128.5" 


and had Tal*° FEASE2° ey OF49%in chloroform): 


Atal. Caled. for C1 7H5 5098: Cre 2 Oo te po Lae 


eee ol) 
eoirer< See Sy eO0 see Poe OT Ata, ose. 


Nemere data, an chlorotormra:,. 1 °2.14-2.72 (4 
aromatic protons as an AA'BB' quartet, centred at 2.44); 
7.54 (a 3 proton singlet; assigned to the CH, group of the 
p-toluenesulphonyl function) 8.00 (6 acetate protons) ; 


£.82-5.34 (a 2 proton multiplet for H3 and H4). 


sj) 3,4-Di—0-acetyl-1,5-anhydro~-2 ,6-dideoxy-6-iodo-D- 


arabino-hexitol (40) 


Compound 39 (6.0 g, 20 mmoles) was dissolved in 
arcolution of sodium iodide (6.0 ¢, 40 mmole) and ecetone 
(50 ml). The solution was sealed in a pressure bottle and 
heated at 100° for lL hr. After the bottle had coclea ta 
room temperature, the liquid phase of its contents was 
examined by t.1.c., using. 4 parts benzene to 1 part ethyl 
acetate as the developing agent. The t.l.c. plate showed 


complete and exclusive conversion of 39 to the faster moving 
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88 
6-iodo derivative, (40). 


The entire reaction mixture was concentrated to 
dryness, and then partitioned between 200 ml of chloroform 
and 100 ml of water. The chloroform layer was extracted 
with an additional 100 ml of water, dried, and then con- 
Centrated to 5.0 g, (97%) of chromatographically pure 40. 
Recrystallization from 95% ethanol afforded 4.5 g of needle- 
shaped crystals with [al*° oo Omen ee eC LOLOrTOrin j©. 
They began extensive sublimation about 5° below their 


apparent melting point of 130-131°. 


Anal. Gatco. Tor Ci oH 50.7: Cre ini ale a oes 


1 EY Apa he 


DhOUuud me OC peo els pees tips Otis OSs 


Be oD -acery Lo Canhydro-2,6-dideoxy-D-arabino- 


hexitol (41) 


Compound 40 (3.5 g, 9.9 mmoles) was hydrogenolyzed 
at atmospheric pressure in a solution of ethyl acetate 
(50 mi) and triethylamine (1.5 gq). The catalyst was 300 mg 
of LO% palladium-on-—carbon. . Six hrs after, the uptake or 
hydrogen had ceased (12 hrs total) the mixture was filtered 
and concentrated to a semi-solid residue. This material 
was partitioned between chloroform (100 ml) and 5% aqueous 


sodium bicarbonate (100 ml). The aqueous layer was extracted 
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with a further 100 ml of chloroform and then the combined 
chloroform extracts were dried and concentrated to 2.1g 

of chromatographically pure 41, m.p. 41-43°. The appropriate 
t.1.c. conditions are described on page 79. A_ sample 
recrystallizedytwice. from Skelly B at -15° had am.p. of 
41.5-43° and [a]4? + 41.6° (c, 0.43 in ethanol) and [a]2° + 
pote. (C70. 40 Gin chloroform). | Dactee7i0)S Tip 2 O=240;, 

hel Peteoyso l(c tks ineethanol)) |‘, 


D 


eee oo eunyoro-2),6-dideoxy—D-arabino-hexitol (9) 


Compound 417-285 9g, 8.6 mmoles) was deacetylated 
in 50 ml of anhydrous methanol that contained about 50 mg 
of sodium methoxide. After the usual work-up (p. 76) the 
product was recrystallized from ether to a constant m.p. 


pfs 8-59.92. and rm <° Een (co 810.22) atu Matera 


AnalticGaicd. tl0r CoH) 503: Gee 4s Sor aH ao!. Los 


Found:)) Cy 54.5635) Ho. Lac: 


Thieen.m.G. jspectrummof 9,ac nD, Ojon s)imeproduced 


2 
ietid.. 25, Onfpage 17. 


v) 1,5-Anhydro-2,3-dideoxy-6-0-triphenylmethy1l-D-erythro- 
hexitol (42) as a 1:1 complex with pyridine 


1,5-Anhydro-2,3-dideoxy-D-erythro-hexitol ‘(3) 


(8.0 g, 61 mmoles) was dissolved in 35 ml of ice-cold pyridine. 
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Triphenylmethyl chloride (18.0 g, 65 mmoles) was dissolved 

in another 50 ml of ice-cold pyridine and added to the first 
solution. The reaction was allowed to warm to room tempera- 
ture and then stand for forty-eight hours. Then it was 
poured into a well stirred mixture of ice and water (300 ml) 
that contained 10 ml of saturated sodium bicarbonate solution. 
After about 1 hr the solids were isolated by filtration and 


then recrystallized from ether (100 ml). 


The n.m.§r. spectrum of the crystals that 
precipitated (20.0 g) indicated a 1:1 complex of 42 and 
pyridine. A further recrystallization from ether did not 
remove the pyridine signals in the n.m.r. spectrum; nor did 
it change the optical activity or decrease the melting point 
range. 

| 25 


M. peLéos-1002; Lol, =ae2. 920 (a, 0a5dinkichloroform) . 


A t.l.c. investigation using various ratios of ethyl acetate 
to benzene as a developing agent failed to reveal more than 
one component (spray; % ethanolic sulphuric acid, followed 


by heating: test; a yellow spot that charred black). 


N.m.xr. spectral data, for a chloroform-d solution: 
t 1.42 (a rough doublet with a spacing of 4 Hz, that is 
assigned to H2 and H6 of a pyridine molecule); 2.35 to 2.95 
(a complex signal pattern corresponding in intensity to the 


15 protons of the triphenylmethyl function and the H3, H4 
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and H5 protons of a pyridine molecule); 6.13 (a one proton 
multiplet with a total width of 25 Hz and one apparent 
Spacing of 11 Hz that is assigned to Hl equatorial); 6.32- 
G.9 (G protons, including a. singlet peak. for Obs Biers 0c t fons es) 
(unresolved multiplets corresponding in intensity to four 
protons. The product failed to crystallize after the 


pyridine had been azeotropically removed with toluene. 


w) 1,5-Anhydro-2,3-dideoxy-4-0-methy1-6-0-triphenylmethyl- 


' D-erythro-hexitol (43) 


Compound 42, as a pyridine complex (17.7 g), was 
dissolved in anhydrous dimethylformamide (DMF) and added to 
a suspension of sodium hydride (1.5 g, 63 mmole) in 50 ml 
of ice-cold anhydrous DMF. The mixture was stirred for 1 hr 
at 0°, then methyl icdide was added (20 ml) and the reaction 
stirred at ene TEMpeLacure suOreo Nrs more. After 
residual sodium hydride had been destroyed by the cautious 
addition of methanol, the product was poured into a mixture 
of water (600 ml) and chloroform (250 ml). This mixture was 
stivredsbriskly for 10 minttessoldnsolublenusludge:was 
removed by filtration, rinsed with an additional 250 ml of 


chloroform, and then discarded. 


The combined chloroform extracts were rinsed with 
water (100 ml) and then concentrated. The syrupy residue 


was triturated twice with water (500 ml) and the insoluble 
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43 recrystallized from methanol/ether to constant melting 
point and rotation. The yield of pure Somat Cer Live sic 


recrystallizations was 6.3 g. 


Mips 76=77°} [a]*° Ue OGECPRORT Ane'chlorororn) 2 


RIIG Co LCG. sLor Co 6 Ho 903: Creo os. We i) ee as 


PCAC eee (ee ees Hn / SL Oe 


Nem. reidatay in cHilLoredt OEnea.e 102. 35>3e08\(the 
15 protons of the triphenylmethyl function), 6.02 (1 proton - 
a rough doublet with spacing of 11 Hz and a total width of 
22 Hz; assigned to Hl equatorial); 6.35-7.0 (absorptions 
that correspond in intensity to 8 protons; the single 


OCH, peakeiswat 6% 8)« 


x) 1,5-Anhydro-2,3-dideoxy-4-0-methyl-D-erythro-hexitol 


(21) 


Pure 1,5-anhydro-2 ,3-dideoxy-4-0-methy1-6-0- 
triphenylmethy1-D-erythro-hexitol (43) (6.0 g, 15.4 mmoles) 
was dissolved in 50 ml of ice-cold dichloromethane. A slow 
stream of anhydrous hydrogen bromide was bubbled into the 
solution until t.l.c. (solvent system of 4 parts benzene 
to 1 part ethyl acetate) showed the complete conversion of 


43 to triphenylmethyl bromide and the much less mobile 21. 





oh 
Most of the solvent was then removed by distillation at 
atmospheric pressure. The remaining material was 
concentrated at 30° tn vacuo (2 mm) to a semi-solid mass. 
The pressure was then further reduced to 0.3 mm, and 1.8 g 
of product was distilled using the apparatus shown in Fig. 21, 


with a bath temperature of 65°. 


This distillate was treated with enough 
diethylamine to effect a basic response to pH paper (pH 
1 to 14 type), and was then dried over a few Linde type 4A 
molecular sieves. Any excess amine was subsequently removed 
Btmoamrecaucea pressure of 2 nm. “Then, at a pressure of 0.1 
mm and a bath temperature of 65°, compound 21 (1.5 g, 75%) 
was re-distilled into a clean, dry receiving flask. A t.l.c. 
using as solvent 6 parts benzene to 4 of ethyl acetate) 
showed that this product was chromatographically pure. A 
em. U.CealalyslS, ON, a) 0) £t, 1/4 1n copper column, packed 
with 10% Carbowax M on 60-80 mesh Ultraport, also demonstrated 
the chromatographic purity of 21. 4:It-boiled,at-about 165° 
at 1 mm and had [m]*° es Oso Crm O. 5:7 el vwaber et 


Additional rotational data are presented in Table 20. 


Anale Caled ror CoH, 403: O57 nD ee ee oe 


POUT Sep ue eon ie eta Citas 


Nim: rr. data, im chlorotorm-ds 7 6,64. (the 


three proton singlet of the methoxyl function). 
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yy) 1,5-Anhydro-2,3-dideoxy-6-0-tripheny lmethy1-4-0-p- 


toluenesulphony1l-D-erythro-hexitol (44) 


Triphenylmethyl chloride (11.5 g, 41 mmoles) 
was added to a solution of 1,5-anhydro-2,3-dideoxy-D- 
erythro-hexitol (3) (5.0 g, 38 mmoles) and pyridine (100 ml). 
The reaction was left undisturbed for 48 hrs at room 
temperature and then p-toluenesulphonyl chloride (18.0 g, 
96 mmoles) was added to it. After having stood for an 
additional 48 hrs at room temperature, the mixture was 
poured into 500 ml of ice-—water and after 30 minutes of 
vigorous stirring the syrupy, water-insoluble product was 
extracted into chloroform. The chloroform solution was 
washed with water, then with 5% sodium bicarbonate solution, 
and dried over sodium sulphate. After concentration to 
about 100 ml, the remaining pyridine was co-distilled out 


in vacuo as an azeotropic mixture with toluene. 


The syrupy residue was dissolved in ether (40 ml). 
At 0°,the solution precipitated 10.0 g of 44 on the addition 
Ho oO ml. of hexane. A t.l.c. investigation, using 9° parts 
of benzene to 1 part of ethyl acetate as the mobile phase, 
showed that this product was chromatographically pure. The 
mother liquors were concentrated to 10 g of a syrup that was 
subsequently chromatographed on a column of silicic acid. 
The eluting agent was a 95 to 5 mixture of benzene and 


ethyl acetate. An additional 5.0 g of chromatographically 


¢- elt. «<5 

- # a= 
\ -_ nar are as aS 2 
owe a J 


’ 





a5 


pure 44 was obtained in this manner, bringing the total 


yield to 75%. 


A sample that had been recrystallized from ethyl 
acetate had am.p. of 145-147.5° and lal eee, OC 


0.7 in chloroform). 


N.m.r. spectral data, for a chloroform-d solution: 
2.4-2.96 (a complex pattern that corresponds in intensity 
to the 15 protons of the trityl function and the four 
aromatic protons of the p-toluenesulphonyl group); 5.66 
(a one proton multiplet, with a width of 22 Hz and spacing 
erties) eG. 2 20 (5) Protons); /.5-8.5 (7° protons, 
including the methyl singlet of the p-toluenesulphonyl 


fonction at /.63):. 


Zip O-0-Acety1-—1 ,5-anhydro-—2, 3-dideoxy—-4-0-p-toluenesulphony1l- 


' D-erythro-hexitol (45) 


Compound 44 (2.0 g, 3.5 mmoles) was dissolved 
fia solution Of acetic.acid (10sml) and chloroform {10 m1). 
A solution of 32% hydrogen bromide in acetic acid (8 ml) 
was added, and after stirring the mixture for 5 minutes at 
room temperature, the solids were filtered off. The 
filtrate was concentrated to about 2 ml and then partitioned 
between chloroform and saturated sodium bicarbonate solution. 


The chloroform extract was dried over anhydrous sodium 
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sulphate and concentrated in vacuo. The syrupy product 

was recrystallized at -15° from methanol (5 ml) and yielded 
0.4 g of crystalline 45. M.p. 85.5-87.0°, fabse ee fae 

(c, 0.49 in chloroform). The mother liquors were concentrated 
and the residue treated with acetic anhydride and pyridine. 
After the usual work-up, an. additional 0.35 g of 45 was 


obtained. 


N.m.r. spectral data for 45, in chloroform-d: 
t 2.1-2.7 (an AA'BB' quartet, corresponding in intensity 
meorthe four aromatic protons of the p-toluenesulphonyl 
function); 7.54 (a three proton singlet; assigned to the 
CH. protons of the p-toluenesulphonyl function); 8.02 (the 


three proton singlet of the acetate function. 


aa) 1,5-Anhydro-2,3-dideoxy-4-0-p-toluenesulphony1l~-D- 


erythro-hexitol (46) 


Compound 44 (15.0 g, 28.4 mmole) was dissolved 
in chloroform and the solution brought to 0°. A saturated 
solution of anhydrous hydrogen bromide in chloroform (50 ml) 
was added. and, the mixture; left Co standrat 0° =forss hrs: 
Thin layer chromatography indicated the complete transfer 
of 44 to 46 plus triphenylmethyl bromide. The solution 
was concentrated and the semi-solid residue chromatographed 
on a 1.7 x 24 inch column of silicic acid, using a solution 


of 4 parts benzene to 1 part ethyl acetate as the eluting 
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agent. Fractions of 25 ml were collected. It was found that 
some acetate exchange with the solvent had occurred during 


this process, probably catalyzed by residual HBr. 


Fraction No. Eluted Material 
1-15 NIL 
10-18 trityl residues 
19-25 compound 45 Uleee 
30-55 compound 46 (5.2 g) 


miewacetace ~9(45)s'was dissolved in 50 m1 ‘of 
anhydrous methanol and reconverted to 46, using a catalytic 
amount of sodium methoxide. This brought the total yield 


of chromatographically pure 46 to 6.2 g (75%). 


Nem. wemcatar tore 4G, einechLoroborm-di" Ti2.2- 
a2 4 aromatic “protons? —' an) AA'BB* quartet centered at 
AAs 54. (proton ta multiplet with: a-total width of 
S00HZ m assigned=toxwH4)?) 578-6. 9'4(5) protons’ —«the ‘rough 
doublet centered at 6.06 with a spacing of 11 Hz is assigned 
Portiinvedua torial). Jo4=8 S7eeCseprocons, with the O-Hiat j292 
and the CH, of the p-toluenesulphonyl function at 7.53). 
bb) 1,5-Anhydro-2,3-dideoxy-6-0-methy1-4-0-p-toluenesulphonyl- 


D-ery thro-hexitol (47) 


Compound 46 (4.4 g, 15.4 mmoles) was dissolved in 
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50 ml of anhydrous, redistilled DMF. Barium oxide (5.0 g) 
and methyl iodide (10 ml) were added and the mixture gently 
refluxed for 60 minutes. At this point, however, a t.l.c. 
investigation, using as solvent a one to one mixture of 
benzene and ethyl acetate, showed that almost no methylation 
of 46 had taken place. The mixture was cooled to 0° anda 
Slurry of sodium hydride (600 mg, 25 mmoles) in hexane was 
carefully added. There was immediate evolution of hydrogen, 
and after stirring the mixture for 4 hrs, t.1l.c. showed a 
near quantitative conversion of 46 to a single and more 
mobile compound that was later identified as 47. Excess 
sodium hydride was destroyed with methanol and then the 
mixture was poured into water (200 ml) and the product 


eeerocted into chloroform (2-x 200, ml). 


The combined chloroform extracts were washed with 
water (100 ml), dried, and then concentrated to a syrupy 
product (4.4 g). This product was chromatographed on a 
Bornes 3020 ginchecolunn cof aca Vicic racid jusing ra sonestto one 
mixture of benzene to ethyl acetate as the eluting agent. 


Fractions of 15 ml were collected. 


Chromatographically pure 47 (3.8 g, 83%) eluted 
in fractions -25 to 22. Fits am. p14 to a ana 
[alo + 48.8° “(cy 0.59 inechlorcfiorm): “Itiwas recrystallized 
from methanol to yield 2.4 g of 47 with m.p. 48-50° and 


Fag <2 PAG 3° Ftc. 0. 49-in chloroform). 
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Nei. t wUacderOr=s),sineelloLolorm-as @r"2506-2.68 
(4 aromatic protons, as an AA'BB' quartet centered at 2.39); 


7.54 (a 3 proton singlet, assigned to the CH, of the p- 


3 
toluenesulphonyl function); 6.82 (a 3 proton singlet assigned 
to the three methoxy protons); 5.5 (a single proton multiplet 
assigned to H4, with a width of about 30 Hz); 6.04 (a rough 


doublet with spacing of 11 Hz, assigned to H1 equatorial). 


See, oT Anivdro=2,o-d1ideoxy-o-U-methy1—D-erythro—hexitol 


(20) 


1,5-Anhydro-2 ,3-dideoxy-6-0-methy1-4-0-p- 

toluenesulphony1-D-erythro-hexitol Ib? Veep ao aS OS af gn. 
mmole) was dissolved in 75 ml of methanol. Portions of 2% 
sodium amalgam were added at 30 minute intervals until 
starting material could no longer be detected by t.l1.c. 
analysis, using as the mobile phase a one to one mixture 
of benzene and ethyl acetate. The methanolic solution was 
then decanted from the mercury and neutralized with carbon 
dioxide. It was then concentrated to a syrup that was 
subsequently partitioned between chloroform (200 ml) and 


% sodium carbonate solution (200 ml). The aqueous layer 
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was extracted again with chloroform (2 x 200 ml). The 
combined chloroform extracts were dried and concentrated 
rOnt- 269 Of a Lighteoil. Thissoil was then purified on a 
columm Of Silticic acid, using a solution of 4° parts -of 
chloroform to 1 part of Bene 3 as the eluting agent. A 
t.l.c. investigation, using this same solvent system, showed 


that the eluted compound 20 was chromatographically pure. 


This chromatographed product was then dissolved 
in 3 ml of ether. Pentane (3 ml) was added and the solution 
perteat. ~25° for 24 hrs. The mother liguors were then 
pecanteds (at 725°) Sand the recrystallized 20 (0.6 g) brought 
to room temperature. It melted at some point between 0° and 
10°. Residual solvents were removed in vacuo, and solutions 
prepared for rotation studies in DMSO/1,2-dichloroethane. 
Compound 20 had b.p. (0.5 mm) about 60°, and [M]“> + 84.4° 
(c, 0.53 in water). Additional rotational data are presented 


in Table 19. 


HAVES Bop SU Wels bor he wart 1856 342 80) 


7H, 403: Oy SWE ai ENS eee 


POUUC + Cee Pe Ue re ee 


Ni.r. data, in chioroform-d:-"t 6403? (ieproton — 
two multiplets with a spacing of 12 Hz; assigned to Hl 
equacoridl) > ©.55-0.4 (2 proruis — 6 . doublet. Cenurede@ar 
6.37; assigned to H6 and H6'); 6.6 (a singlet, corresponding 


in intensity to the three protons of the methoxyl function). 
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dd) 1,5-Anhydro-2 ,3-dideoxy-4,6-di-0-methy1-D-erythro- 


hexitol (22) 


A solution of 1,5-anhydro-2 ,3-dideoxy-D-erythro- 
hexitol (3) (3.9 g, 29 mmoles) in anhydrous tetrahydrofuran 
(THF) was slowly added to a well-stirred suspension of 
sodium hydride (2.4 g, 100 mmole) in anhydrous THF (75 ml). 
After 30 minutes, the material was cooled to 5°, and methyl 
iodide (15 ml) was introduced. The reaction mixture was 
stirred at 5° for 30 minutes and then at room temperature 
for an additional 60 minutes. At this point, t.l.c. 
investigation, using 3 parts benzene to 2 parts ethyl acetate 
as mobile phase, showed complete conversion of Seco Lhe 


much more mobile dimethyl derivative, 22. 


Remaining sodium hydride was then destroyed by 
the cautious addition of methanol. The mixture was 
filtered, the filtrate concentrated at room temperature and 
15 mm pressure, and the semi-solid residue extracted with 
ether (3 x 50 ml). The ether solution was then concentrated 


ate 2Toom temperature to about LO m1; 


This 10 ml residue was subjected to distillation 
at 70° and a pressure of OFi'’mm. “Théddtetzilate thus 
obtained was concentrated in vacuo (6 mm) at 45°, and then 


was dried over Linde type 4A molecular sieves. A t.l.c. of 


this oily material (3.5 g), using as a solvent system a 
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mixture of 3 parts benzene to 2 parts ethyl acetate, 
revealed only one compound, subsequently identified as 
compound 22, Similarly, only one component could be 
merected by g.p.l.c., using a6 ft; 1/4 in copper column 
packed with 10% Carbowax M, on Ultraport, and a carrier 


gas flow of 60 ml of N per minute. 


Column temperature Rerentionegtime of 22 
E25"C 6.4 min 
rs5°c oe foie yay 


Compound 22, which distilled at 70° and 3 mm 
pressure, had omy *° feo] Dec mes sin Wwacer)’. | Complete 
optical rotation data are presented in Table 21. The 
infrared spectrum of a solution of 22 in carbon tetrachloride 
did not contain any absorptions in the region where 


fundamental O-H stretching occurs. 


Anal. Galca.. for CoH, 603: CU Oo eI See etn Ove 


Found:)) C260. 0G- Ho alo.04. 


Nem.r. data for 2270in cDC1.: t 6.0 (a one 
proton multiplet with a large spacing of 11 Hz; assigned to 
Hl equatorial); 6.54, 6.62 (two 3 proton singlets; ~aesigned 
to the OCH, groups) ; 6.3-6.45 (absorptions that are assigned 


to H6 and H6'). 
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Molecular rotations (°) at SOfCe 


of compound vi in binary 1,2-dichloroethane 


and dimethyl sulphoxide (DMSO) solutions 


Concentrations (moles per litre at 20°C) 


DMSO DMSO-0.04* 
ane eta edit 2 ocean em eS 
0.03 - 


0.06 = 
0.12 = 
0.13 ~ 
0.42 “ 
0.94 
3 1337 
2:61 1.97 
2.59 2.55 
3.39 3.35 
4.28 4.24 
5.43 5.39 
7.00 6.96 
8.41 8.37 
10.00 9.96 
Pleo y Mia 
12.35 Lond 
13.95 13.91 


20 
D 


cal? | Oba | 
ages Regs) 
=206.0 
etd he be 
mos 
ceo LS eh 
ml Neheing s 
—164.2 
=i40..9 
=a eG 
ors Ae ea ee 
me eRe 
= ho. 
—erO Ge) 
stk 
= AO ad 
coed 4S Br 
we Lar 


[M] 


ee 


a 


The concentrations of 7 in these solutions es from 


0.0422 to 0.0434 moles per litre - at 


The Ks equilibrium (Fig. 31) involves 
a second moiecule of base (DMSO) with 
concentrations in this column include 
(equal to the concentration of Ph OER ays 


ZC 


the association of 
compound 7. The 
an adjustment 

the molecule of 


base (DMSO) that is already hydrogen-bonded to 7 aes a 


result of the Ko Su LLDriunie (Pic. 30), 


“& 


_ 
. die rita 
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TABLE 6 
Morecular rotations (°) ‘at 20 Oe 
compound ‘a in binary 1,2-dichloroethane 


and dimethyl sulphoxide (DMSO) solutions 








Concentration (moles per LETS ats C) 





DMSO DMSO-0.04%* [my =° 
0.03 = aieued 
0.06 - -194.8 
Garo = =2018.5 
0.13 x 250379 
0.41 E oes 
0.93 e -199.7 
1.29 5 S7e0 87 
ceo 5.34 ares 
8.33 8.29 S766 

11.12 11.08 Bigatg 

ie tral Neuse, ed Oa 





* The concentrations of 7 in these solutions ranged from 


0.0434 to 0.0422 moles per litre - at 25°C. 


See footnote to Table 5. 
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TABLE 7 
Molecular’rotations (°) «at/20°c; 
of compound a in binary 


1,2-dichloroethane and 4-methylpyridine solutions 


Concentrations (moles per J1tre: st. 20°C) 





A=methylpyridine 4-methylpyridine-0.04* [my <° 
0.02 s -76189 
0.06 2 =19150 
0.09 = -197.0 
0.20 2 =20361 
0.44 2 =00297 
0.90 = =1913-7 
1206 “e -184.4 
1.35 = 7785 
1490 & det 
2.29 iby, 215581 
2.69 2865" £143277 
3.13 3909" ~134; 4* 
3.94 390" Pid 087 
4.75 ARG 10748" 
5.12 5.08" P1453" 
6.70 6.66 58989 
7.56 7.52 “Sans 

10.24 10.20 ~97549 


—_—_ SSE 


+ . : : : 
The concentrations of 7 in these solutions range from 


0.0423 to 0.0436 moles per litre - at 25°C, 
See footnote to Table 5. 
These data were used to obtain the average K, (at 20°C) 


for 1,2-dichloroethane/4-methylpyridine solutions (Table 
27) e 
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TABLE 8 
Molecular rotations _(%),.at, 30°C,.of 
compound Tal in binary 1,2-dichloroethane 
and 4-methylpyridine solutions 


Concentrations (moles per litre at 30°C) 





4-methylpyridine 4-methylpyridine-0.04* [my 5° 
0.02 = -178.9 
0.06 = qe. e 
0.09 = = O0ee 
0.20 2 -198.6 
0.44 = ALMA 
0.89 - = Los 
1.09 = -188.4 
133 = 2) Gee 
1.68 = al eee 
male 2215 -164.4 
2.66 ae = 1543 
210 ae 06n -146.9 
3.89 Bees Sh iee 
4.71 aaa 1 eA 
5.07 5.03% 11895 
6.64 6.60 -109.5 
63,49 7.45 PD 
10.04 10.00 Boe 





“+ 


The concentrations of 
pereliure.-fati2o. C. 


See footnote to Table 


7 range from 0.0423 to 0.0436 moles 


cr 
Ye 


nn ee eae EEE tana EEE ERRnnEEnnESEnSnnEE 


These data were used to obtain an average Ks (at 30°C) 


for 1,2-dichloroethane/4-methylpyridine solutions 


(Table 27). 
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TABLE 9 


Molecular rotations (°) at 2070. 


of compound Th in bina 


and pyridine 


ry 1,2-dichloroethane 


solutions 





Concentrations (moles per ivtrerat=20°C) 


pyridine pyridine-0.04* pm <° 
0.04 ~ -183.4 
0.09 ~ -190.6 
N17 - ~195.7 
0.50 ~ -195.5 
0.86 ~ -188.8 
P33 7 -179.2 
2-03 1.97 -160.9 
2.46 2. 42> -~150.1* 
2.99 2.95" -140.0* 
3.54 GOs -130.2* 
4.2% rs -~119.0* 
4.80 Oy te ~114.0* 
6.07 62037 - 97.5% 
8.50 8.46 : ~ 79.9 
10.42 10.38 ss FRED 
11.05 HI O7 ~ 70.7 
12, 47 12.43 —- Ooi 


ee eee ee 


oa 


The concentrations of 7 in these solutions range from 
0.0425 to 0.0432 moles per litre at 25°C. 


See 


footnote, to, Table, 5. 


These data were used to obtain an average Key (at. 20") 
for 1,2-dichloroethane/pyridine solutions (Table ail. 
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TABLE 10 
Mojeculan.srotations «(en at SOG. OF 
compound as in binary 1,2-dichloroethane 
and pyridine solutions 


Concentrations, (moles per litre at 30°C) 


pyridine pyridine-0.04* [mM] =° 
0.04 - -180.6 
0.09 _ —~186.6 
On? = Ee Oe 
0,50 - -194.2 
0.86 = = 190s 
bee = ad bs Ras) 
Ae he ee) =tOo,4 
2.44 OAC -159.3* 
2.96 aS eee -150.5* 
3.51 at le -141.8* 
47 me ees —13103- 
4.75 ak -124.0* 
6.01 S597> -110.5* 
8.42 8.38 = 93.8 
Ones 2 10.28 Se eben | 
10.94 10.90 - 84.1 
10 bo SFs A/a Stk - 82.4 
* The concentrations of J ine these solutions range strom 
0.0425. to,U. 043 25mo0Les per litre vat 252C. 
: See footnote to Table 5. 
> 


These data were used to obtain an average Ks5 (at 30°) 
for 1,2-dichloroethane/pyridine solutions (Table 27). 
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TABLE 11 
Molecular rotations (°) at 20°C, 
of compound 7a} in binary 1,2-dichloroethane 


and 4-chloropyridine solutions 


eee 
Concentrations of 4-chloropyridine (m] 2° 
i a ee ee 





(moles per litre at 20°C) D 
0205 cool BY go a 
Q719 =Lo700 
G.29 -~188.6 
G.23 -184.8 
E39 | -177.4 
tA -168.8 
a55 —-145.4 


ee 


if The concentrations of 7 in these solutions range from 
G2 0426, Co) 0.0432 moles per litre at 25°c. 
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TABLE 14 
Molecular rotations (°) of related 1,5-anhydro- 
“deoxyhexitols*, recorded at different temperatures in water 


——— 


is Ze O 
Compound [M] 5 (MI), [M] [M] 


D 
CH3 , 
Ww 15.2 14.5 1359 Tear 
HO’ 10 e ° e e 
H 
: ae 
HO +39.1 +39.0 +38.9 +39.0 
2 
CH 
ee 8/ -55.7 —=54.9 -54.6 -54.7 
Roo 
HO CH 0H 


: H 90H 

ee Cy, +2602 Fe Soe 

ak 574.6 +70.8 PG G5 +60 .2 
a 32 | 


Synthesized in the course of this research. 
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TABLE 17 
Molecular rotations (°) at 25°C, of 1R,2R-hydroxymethy- 
cyclohexanol (6)* in binary solutions of 


1,2-dichloroethane and dimethyl sulphoxide 





Concentration of the dimethyl ae 
Sulphoxide in moles per litre D 
0.00 46.4 

0.07 -43 2.0 

0.16 ae 

0.44 —36.4 

ae melita. 

Abe So eE 

4.08 -42.0 

So y- -44.8 

7.84 =A6. 1 

iat dk -47.4 

11.40 -48.3 

14.00 —49.8 


—— ee 


- The concentrations of 6 range from 0.0294 to 0.0299 moles 


per litre in these solutions 
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TABLE 18 
Motecular rokations. Gai at 25°C, of 
1,5-anhydro-2, 3-dideoxy-D-threo-hexitol™ (4) in binary 


solutions of 1,2-dichloroethane and dimethyl sulphoxide 





Sulphoxide, in*moles per <litre D 
0.00 ey te) 
0. 16 +. 4.8 
OF S02 + 4,1 
059.9 +e. 6 
20:6 + 0.4 
38 a8 - 2.7 
de on 47% A 
9.84 4 08 9 


14.00 =e 0 


nn ee UE ana SSI EIS SIE aE 


‘, The concentrations of 4 range from Oe 025680802027 moles 


per litre 
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TABLE 19 
Molecular rotations. (7) at 25°C, of 
1,5-anhydro-2,3-dideoxy-6-0-methy1-D-erythro-hexitol 
(20) in binary solutions of 1,2-dichloroethane and 


dimethyl sulphoxide 





Sulphoxide, in moles per litre D 
0.00 ama eecs 
 aradl sis) Ss el BP 
0.34 too ee 
OFT E 3970 
D hari tor O 
PA ass +63.4 
Sree 4 +68.6 
Geis foe 4 
9.24 sen se iene 

10.65 ct CaS 
14.00 +6976 





1 The concentrations of 20 range from 0.0235 to 0.0246 


moles per litre 
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TABLE 20 
Moleculargrotations -(9).ate25°C,.o0£ 
1, 5-anhydro-2 ,3-dideoxy-4-0-methy1-D-erythro-hexitol’ (21) 
in binary solutions of 1,2-dichloroethane 


and dimethyl sulphoxide 





Goncentration of the dimethyl 
sulphoxide, in moles per litre 
0.00 +138 .0 
0 50 +197 3 
Sia: “lene 0 
14.00 | 1a) 





The concentrations of 2.) range strom 020270 to 0.0286 
moles per litre. 
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TABLE 21 
Molecular rotations (°) at COI so£ 
1,5-anhydro-2 ,3-dideoxy-4 ,6-di-0-methy1-D-erythro-hexitol™ 
(22) in binary solutions of 1,2-dichloroethane 


and dimethyl sulphoxide 





FF 
Concentration of the dimethyl 25 


Sulphoxide, in moles per litre IM] 5 
0.00 aoe 
0.39 | 133.8 
EeL5 Lo Ra 
5.95 136.4 
14.00 Hue Te. 7 


ee —————————— eee 


x The concentrations of 22 wcange $from\"0". 0214 “to 0 0251 
moles per litre. 
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DISCUSSION 


1. The effect of solvent and temperature changes on the 
molecular rotation of 1,2-0-isopropylidene-4-0-methy1- 


8-D-sorbopyranose (7) 


The object of this research was to gain an 
improved understanding of how the nature of the solvent 
can effect the relative rotameric populations of the 
hydroxymethyl function of compounds that are Simple analogs 
of hexopyranoses and hexopyranosides. In an "inert" 
solvent such as 1,2-dichloroethane intramolecular hydrogen 
bond formation was expected to be important in determining 
the relative stabilities of individual conformations of 
this function. For example, the primary hydroxyl function 
of all three rotamers of 3 and two of the rotamers of Scan 


engage in such bonding (Fig. 26). 





~<a es 


Fig. 26: Rotameric conformations of compounds 3 and 4. 
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Lemieux and Martin (9) have recently demonstrated 
that when 3 is dissolved in 1,2-dichloroethane, small 
amounts of DMSO can increase the stability of 3a relative 
to 3b and 3c. This apparent increase in the strength of 
the 1,3-intramolecular hydrogen bond in 3a) 1s "in accordance 
with the earlier observations of Lemieux and Pavia (35), 
who have explained such effects in terms of "hydrogen-bond 
conjugation" (see pp. 22 and 42). One aspect of the 
present project was to provide evidence for this phenomenon 
in the 5a conformation of compound 5, which is the 


‘carbocyclic analog of 3a. 


The investigation was to be extended to include 
_ 4b and 6b whose hydroxyl groups also have the arrangement 


necessary for hydrogen-bond conjugation to occur. 





Previous investigations of hydrogen-bond 
conjugationhad been carried out at only one temperature 
and with only one solvent system, namely 1,2-dichloroethane 


and DMSO (9,35). For example, Lemieux and Pavia had used 
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this solvent system to prepare the rotation curve’ of 
1,2-0-isopropylidene-4-0-methy1-8-D-sorbopyranose (7) 

at 25° and had reported a very pronounced inflection point. 
Compound 7 is readily available in quantity and in a highly 
pure state. It was considered that an important first 
step in the present research would be to carry out a more 
detailed investigation of its rotational behaviour, once 
again using 1,2-dichloroethane as an "inert" solvent, but 
varying the nature of the hydrogen-bond-accepting base in 
this solvent as well as the temperature of the solutions. 
Although it is structurally a more complex molecule than 
the above-mentioned diols, it is considered on the basis of 
conformational analysis that the changes in conformation 
Phateclonisicantly atfect the rotation of 7 should be 
restricted to the changes in equilibrium between the two 


solvated chair conformations that are shown below. 


ie A plot the [my 2° of 7 in binary DMSO/1,2-dichloroethane 


solutions vs the percentage of DMSO in the solutions 
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The rotation curves that were obtained from the 
molecular rotations of 7 in 1,2-dichloroethane/DMSO 
solutions at temperatures of 20°C and 30°C are presented 
in Fig. 27. The individual solutions of 7 that comprise 
these curves were prepared at 25° and then their rotations 
recorded at these two temperatures. These rotational data 
appear in Tables 5 and 6 (pp. 105 and106. These rotations, 
as well as the DMSO concentrations that accompany them, 
were corrected for the approximate changes in solution 


volumes relative to their values at 25°. Average values 
wz 
Soe 

tively, in the general calculations on p. 54. These 


of 1.005 and 0.995 were used for ( 





) and (429) respec- 


average density ratios were obtained from the experimentally 


determined data that are listed in Table 4 (p. 104). 


The effects that increasing concentrations of 
4-methylpyridine, pyridine and 4-chloropyridine have on 
the molecular rotations of solutions of eee 2 — 
dichloroethane are compared in Fig. 28, 29 and 30. The 
rotational data that were used to plot these curves are 
histedein Tables 7 to 11 (pp. 107 to 111)... ihe iandivzens 
solutions were all made up at 25°C and then their rotations 
were recorded at 20°C and 30°c.7 Corrections for volume 


a 


Because of the unstable nature of 4-chloropyridine, 
(71,72) a complete rotation curve was not prepared for 
this base. The rotations of solutions containing it 
were only recorded at 20°C, as soon as possible after 
preparation. 
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Molarity of dimethyl sulphoxide in 1,2-dichloroethane 


Fig. 27: The effect of increasing concentration of dimethyl 
sulphoxide on the molecular rotations at 20°C and 
at 30°C of solutions of 1,2-0-isopropylidene-4-0- 
methyl-8-D-sorbopyranose (7) in 1,2~-dichloroethane. 
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Molarity'of the para-substituted 
pyridine base in 1,2-dichloroethane 


Fig. 28: The effect of increasing concentration of different 
para-substituted pyridine bases on the molecular 
rotations at 20°C of solutions of 1,2-0- 
isopropylidene-4-0-methy1-8-D-sorbopyranose (7) 
in 1,2-dichloroethane. os " 
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Molarity of 4-methylpyridine in 1,2-dichloroethane 


Fig. 29: The effect of increasing. concentration of 4- 
methylpyridine on the molecular rotations at 20°C 
and at 30°C of solutions of 1,2-0-isopropylidene- 
4-0-methy1l-8-D-sorbopyranose (7) in 1,2-dichloro- 
ethane. - 


< 


/ 1 


1 ow: ; . - 





-220° 


=210* 


-200° 


wal EA Bg 


-140° 


= 130° 


-120°5 


UaQe ls SST Ur 


129 


I ! : 
1.0 200 maak! 4.0 


Molarity of pyridine in 1,2-dichloroethane 


The effect of increasing concentration of pyridine 
of the molecular rotations at 20°C and at 30°C of 
solutions of 1,2-0-isopropylidene-4-0-methy1-8- 


' D-sorbopyranose (7) in 1,2-dichloroethane. 
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changes were once again necessary in the calculations of 
molecular rotations. Average values of 1.005 and 0.995 


d 
were used for (*) and (potas respectively, in the general 


25 55 
calculation on page 54, 

Table 12 (p. 112) lists the average molecular 
rotations of four solutions of 7 in pure 1,2-dichloroethane; 
obtained at 5° intervals between temperatures of 10°C 
and 35°C. These individual solutions were all prepared 
at 25°C. The density ratios of pure 1,2-dichloroethane 
that were incorporated into calculations of their 


molecular rotations can be found in Table 4 (p. 104). 


= 
D 


GOreamsOlucion Of 7 is governed principally by the chair- 


By assuming that the molecular rotation [M] 


chair equilibrium position of this compound, it is possible 
to derive equation (5) which relates the equilibrium 
constant Ky (at. t°e€) to the molecular rotation of Take 

an "inert" solvent such as 1,2-dichloroethane. The 
molecular rotations of the 7d and 7e chair conformations 
([Mal and [M.]) also appear inv equation’ (5), so that a 


knowledge of their values is a prerequisite for its 


solution. 


* 
See page 131. 
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Ky ~ Re (1) 


where Xe and Xa are the mole fractions of the Je and Va 


conformations 


Ki = (2) 





IM] = XgiMql + X, [Mg] 


= (1-X,) Mal + X,[M,] (3) 


[M] 5- [Mg] 


“Xe > THTSINGT (4) 


Combining) (4) :and (2) 


(M] 5- [Mg] 
K, (at t°C) = ———~ 


1 (5) 


- 
[MJ -[M) 5 
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Values for [M 3] and [IM] cannot be reliably 
estimated by simple inhi dar Beoveddeas (9,10,12)' due 
to the rather complex structures of 7d and 7e. However, 
experimental estimates of their values can be obtained 
from the molecular rotations of 7 in solutions whose DMSO 
concentrations are large enough that the chair-chair 
equilibrium is controlled by the equilibrium constant 


designated as K. in Fig. 3l. 


5 


The following analysis of the K, equilibrium of 
1,2-dichloroethane/DMSO solutions of 7 involves certain 
assumptions. It is assumed that [Man], the molecular 
rotation of 7d", is approximately Seven Ul VeLuGReOutM ty 
and that [Moe]? the molecular rotational ve", is about 
equal to IM]. Structure Je", which is no longer stabilized 
by a 1,3-type hydrogen bond, but instead has two opposing 
DMSO-solvated hydroxyl functions, may be considered to be 
so unstable that it exists only in negligible amounts at 
any DMSO concentration. It is also proposed that the first 
molecule of DMSO will hydrogen bond with 7d or 7e to form 
Pref taltcstaquantitatively with respect to 7d'. in other 
words, Ke will be much less than unity. Structure 7d" has 
been assigned this small population on the assumption that 
the conjugated hydrogen bonds impart a particular stability 
to 7e'. Once the DMSO concentration has reached the point 
that there are only small amounts of the non-solvated 7d 


and 7e conformations in solution, the principal structures 
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will be 7e' and 7d" and the molecular rotation will be 


determined by K Subject to the validity of these 


5° 


assumptions, the sum of the mole fractions of /o¢¢ and 


yesh (Xan + Xgu)s can be equated to unity. 


The following analysis relates [Ms], [MJ], and 


and the 


K, to the observed molecular rotations, [MIF , 
concentration of DMSO, referred to as [B]. 
Ks 
av eininbs<wel a" (7) 
Xan = 1-Xe' (8) 
Seb eT lee 
(mit = [Moa] °X qote [Mal xX 
D ay aw = au 
= [MglXgu + [M.1X,, (9) 
Substituting Xau + Xai =eel eT O (9) and rearranging, 
[M] F- [M51] 
Xa =) a aes (10) 
iM} ~ [Ma] 
Suet cuciiue.U} into (6), 
t 
[M ]-[M] 
1 e D 
a = ah 
(M] 5~ [M3] 


and rearranging (11), 


t = Z t 
[B]K, (MJ, - FEL = Me [M] 5 (12) 


. 

ca : 7 

wh Loy Otte 2iploas lo ee eS ee 
a = 4 <Swe aap a 

RE a Se 

as ‘9% 30 aaglonasS sho Sap eee 


ia | ep Loa r pe ‘26 7 Py Ct +, +o% yt ah : 


Pam, Se 
* a 7 
. * 
‘ ~ 
~ 
kk 
Phy ; 
; vig 
-: 
] 
te 


« % * ap% wetsuit 


. = | ‘vo 
P “ - _ ina Cr ee 












, aroha 


- 


’ i oaths ‘~ i 
; ik eeu 
J ep 7 


— 


poaivelio? 
. Lag 


: 4 
fom tevesed> eng o2 . 
. w®@ 
, 


to, OP] So -orlsang 


i ub I = : Ie 
= : i i yl 
be sai J} a 

te i) 


- 


— 
x 
— 

ai 






ava 





ve er? * 


A eh 


ro 


Equation (12) contains three unknown physical 
constants, namely, Key M3] and IMJ, as well as two 
experimental variables, iy * and ene DMSO concentration 
associated with it. Three points on the rotation curve 
provide three simultaneous equations in the three unknown 


values of K 


5! IMaJ and IM.1. 


Table 22 lists nine sets of three points that 
were used in nine Separate calculations of [Ms], [MJ and 
Ke. These points were obtained from the rotational data 


of 7 in binary 1,2-dichloroethane and DMSO solutions at 


20-C.6 Table: 25 lists the calculated IMJ, [M.] and K 


5 
values that were obtained in this manner. The constancy 


of these values clearly appears to justify the approach 
taken. 

The average calculated values of [M5] and [M.] 
that are shown in Table 23 were assumed to be racsendedt 
of temperature and were inserted into equation (5). 
Values of Ky (Fig. 31) were then calculated at several 
temperatures using the molecular rotational data for 
solutions of 7 in pure 1,2-dichloroethane. These values, 


and the free energy, entropy and enthalpy changes that are 


associated with them, are presented in Table 24. 
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TABLE 23 
The values of [Ms], [M.] and Ke calculated from 
the rotational data of 7 in 1,2-dichloroethane/DMSO 


solutionssat 20°C 





Set” [Mj] (°) ee) Ke. (moles7!) 
A £510 -237.0 OLLI3 
2 +46.3 ~238.5 0.180 
3. Pos —2136.9 0.170 
4, +54.3 e450 0.170 
ae 9 oak oe ac eg 0.175 
6. oom -236.6 0.170 
it +57.2 pets 2d 0.163 
8. +49.9 -238.4 0.176 
2. oF Osea —23 Teal O57 2 


Average value for [Ma] She Cee oe 


NET Pee Nae 


Average value for A ee 


Average K, = Oe tian) O04. (abezZ0 CO} 


See Table 22. 
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TABLE 24 


Values of AG AH, and AS, calculated from values 


the a 
of Ky for solutions of compound 7 


in pure 1,2-dichloroethane 











Temperature, °C Sh AG] AS, (e.u.) AH] 
(kcal/mole) (kcal/mole) 
10 SW de Diets = at be 
15 Sie 7p". =-Q.75 ee 
20 S07 cool a = ain foe) -0.4* 
25 3264 dhe (he se ee 
30 aoe ca, RANT Y ti. 2 
ey i Reehs: = eater cme er 
¢ This was calculated by substituting the average molecular 
fOtacrons In Table b2) into equation (5), and solving it 
using [M.] =ot5 le Cat and [M.] =m 230.29 4 : 
a jae Sh 
This was calculated from the slope of the plot of log Ky 
Noat/si (ow) that iseshown in Pig? 32% 
O58 
0.57 
log, 9K} 





iyo me 3.40 3.5 
L/TX%107 (°) 


Figeis22eeLog K, vs 1/T(°K) for compound 7 in 1,2- 
dichloroethane. an 
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The value of Ky that is obtained by this molecular 
rotation analysis (3.64 at 25°C) corresponds to an equili- 
brium mixture thatis 78.5% 7e and 22.5% Heat o° GS ethe 
general validity of this estimate is supported by the 
following discussion of the i.r. spectral data of the 


solution of 7 in 1,2-dichloroethane. 


This i.r. spectrum of 7 contains two overlapping 
absorption bands in the hydroxyl stretching region (Table 
35 p. 206). The first band, which is 1.75 more intense than 
the’ second, 1s’ centred ‘at 3565 cmt, with a shoulder at 
about 3585 cm +. In 1,2-dichloroethane, such an absorption 
can correspond to-either free hydroxyl. functions or to 
hydroxyl functions that are engaged in 1,2-intramolecular 
hydrogen™ bonds (see p. 2 IV. Therefore, it represents 
ana Ree hydroxyl functions of 7d, as well as that hydroxyl 
function of 7e whose proton is not a part of the 1,3- 
intramolecular hydrogen bond. The second, and less intense 

i 


band is centred at 3490 cm ~. In 1,2-dichloroethane 


absorption bands centred at about 3500 cm? appear to be 





The hydroxyl functions that give rise to this second band 
are most likely extensively engaged in 1,2-intramolecular 
hydrogen bonds with neighbouring vietual oxygen atoms. 

The shoulder absorption at 3585 cml may represent what 
free OH there actually is. Because a hydrogen-bond 
accepting base such as DMSO is capable of strengthening 
only the 1,3-type hydrogen bond between the two OH groups, 
it is the only one that has been indicated in the 
structural diagrams of 7. Neither these diagrams or their 
discussion are meant to imply that 1,2-type bonds do not 
exist in a solution of 7. 
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characteristic of hydroxyl functions that are engaged in 


1,3-intramolecular hydrogen bonds (see pp. 26 and 209). 


Therefore this band represents only that hydroxyl group of 


ve whose proton bridges the two opposing oxygen atoms. 

If one accepts the concept (41,49) that the 
relative intensities, per mole, are approximately the same 
for both the intramolecularly hydrogen-bonded and the free 
hydroxyl Pane tons of diols such as ae Lice, Cee cata 
obtained for the solution of 7 in 1,2-dichloroethane can be 
used to estimate a value for K,- 

Beet _ the intensity of the absorption band at 3565 cm > 
at uk 


the intensity of the absorption band at 3490 cm 


contributions from the two OH groups of 7d + one of 


che Ohygroupe sor: 7e 


contributions from one of the OH groups of Je 





2X ,+X 
=i vanes where XitX, = 1 
= 
2-X 
= = ; from which X, = 0.725 (7e = 72.58) 
e 
fe 
Kee ep ni de= 27.5%) eG 
a ee 


This value of K, (2.6 at room temperature) and 


“ 


the fractional populations that are associated with it are 


not substantially different from the corresponding values 


that were obtained by molecular rotation analysis. 


“+ 


Further support for this concept can be found on pages 


ZUy ana 2.10. 
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TABLE 25 


Pyridine bases, and their ge values 





Compoun PKp rer 


A gD 74 





The molecular rotations of solutions of 7 that 
contain only a small amount of a hydrogen-bond-accepting 
base will now be discussed. It has been shown that both 
AG and AH values associated with hydrogen bond formation 
between substituted pyridines and simple alcohols become 
more negative as the pyridine basicities increase (75). This 
is certainly reasonable, as both hydrogen bond formation 
and conjugate acid formation involve the lone pair electrons 
of the nitrogen atom. Both will be promoted as the ability 
of the nitrogen to share its electrons increases. The 


choice of para-substitution for the pyridines used in this 
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present investigation (Table 25) was based on the concept 
that such remote substitution effects the electronic 
properties of the nitrogen atom without substantially 


altering the steric requirement for hydrogen bond formation. 


Fig. 28 shows that ene three pyridines in Table 
25 all have-the ability (in low concentrations) to shift 
the absolute rotations of solutions of LA a9 ih A 
dichloroethane towards the value expected for the intra- 
molecularly hydrogen-bonded conformation (7e). It is, 
however, apparent that this ability, like the intermolecular 
hydrogen bond energy for these bases, increases with the 


basicity of the substituted pyridines. 


The size of the increase in the rotation of 7 
that accompanies the addition of a small amount of these 
bases will obviously depend on the stability of 7e' 
Petotave, to, /d> (Figo 31): The greater this stability, 
or the smallerthe value of Ke, the greater will be the 
increase in the rotation of the solution. Of course, the 
eLability Of Je mrelative to’ 7d'emust be gqreatenfthan, that 
Of ee relative to 7d in ordes foreany increase to gecur, 
Et is apparent from Fig. 28 that=this condition 1s met by 


all three of the para-substituted pyridines. 


Consider [Structure Je Wa) tate basicity Ofethe 
substituted pyridine is increased by a change of the para- 


substituent, the strength of the intermolecular hydrogen 
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bond between the nitrogen atom and the H-O5 proton™ should 
increase (75). This will increase the induced polarization 
ate. H-OS (seep. 21), which,in turn, will improve the-ability 
of O05 to act as the acceptor for the H-03 proton. On this 
basis, the intramolecular hydrogen bond strength in fe Wl bd 
increase with increasing pyridine basicity. This means 

that the stability of 7e' relative to Wow mand thererore 

the size of the increase in rotation, should be greater 

for 4-methylpyridine than for 4-chloropyridine, as was 


Beound lige 2c). 


0 
OCH. 


Hie Oatckei oa 


a 


Ae 


ae 





Fig. 33: Compound 7, hydrogen-bonded to a para-substituted 
pyridine. 





£ An n.m.r. study of 7 in benzene/DMSO solutions indicated 


that the H-O3 proton is the one engaged in the intra- 
molecular hydrogen bond at low concentrations of DMSO 
(35). It is reasonable to expect that such behaviour 
will also apply to the solvent systems under discussion 
here. 
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The increase in the absolute rotation of 7 will 
not only Gepend on the relative stabilities of 7e@° and 
7da', but also on the total amount Ore wai Jd. in the 
solution. For small amounts of the pyridine bases, this 
second factor is controlled by the equilibrium that is 


designated by K, in Fig. 31. 


2 


il BS 


K 
< Je) + base 2 (7e' 


(7 


This equilibrium involves the formation of an intermolecular 
hydrogen bond with base, so that the magnitude of K. should 
increase if the basicity of the substituted pyridine is 
increased. This means that more of the RST op Bi Fs wes Sh hn hs ok 2p ET 


mixture can form from a given amount of 4-methylpyridine 


than can form from the same amount of 4-chloropyridine. 


The preceding discussions account for the differing 
abilities of the para-substituted pyridines in Table 25 to 
increase the rotation of 7. Fig. 27, 29 and 30 show that 
the solution temperature is also a factor in determining 
the rotation of solutions of 7 that contain a small amount 
of a hydrogen-bond-accepting base; specifically, DMSO, 
4-methylpyridine or pyridine. It is seen that the rotations 
of these solutions are shifted to greater absolute values by 
a 10° decrease in temperature. In view of the data in 
Table 12, this effect is too big to be explained by a 


temperature effect on the 7d & Je equilibrium. It can 
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however be rationalized on the basis of a shift in the 
7a @ Te! equilibrium. That is, the decrease in temperature 
should shift this equilibrium to the right, if, as expected, 


~Je* is more stable than 7d’. 


A second contributing factor could be an increase 
in the value of K,- From an enthalpy standpoint, intermolec- 
ular hydrogen bond formation is a favourable process. For 
example, AH values of about -4 kcal per mole have been 
reported for the energies of intermolecular hydrogen bonds 
between both pyridine and 4-methylpyridine and simple 
alcohols (75,76,77,78). Because of the intermolecular 
hydrogen bond formation, the AH value that is associated 
with the K, equilibrium should be negative. According to 
the van't Hoff equation, this means that a decrease in 
solution temperature should result in an increase in the 


magnitude of K This produces more of the equilibrium 


ee 
Mixture Obeje» and 7d", and, asta.result, the absolute 


rotation of the solution increases: 


This temperature effect is reversed for moderate 
to high concentrations of hydrogen-bond-accepting bases. 
The rotations of such solutions are shifted to lower absolute 
values by a 10° decrease in temperature (see Figs. 27, 29 
and 30). These shifts, for the following reasons, are 
attributed to changes in the equilibrium constant that is 


designated K. (see Fig. 31). 
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K 


ey + B <> 7a" 


Equation 12 (p. 134) was solved for K fat 30°C} 


5 
using the average values of [M5 ] and iM. ] that appear in 


Table 23 and the rotational data of pein 2 act nee cee 


DMSO solutions at 30°C. The individual and average Ke 


values that were obtained are listed in Table 26. Free 


energy, entropy and enthalpy changes (AG. AS, AH.) 


derived from the average K._ values (at 20° and 30°C) of 


5 
the 1,2-dichloroethane/DMSO solutions of Heappean 61h 


Table 27. 


TABLE 26 
Calculated K. values (moles +) feoressolutions of rhe 


in 1,2-dichloroethane and DMSO at 30°C 





a 

iciea ta Wack [M] 5° Ke* (at 30°) 
1.25 -189.7 0.157 
5.34 | -108.5 0.150 
8.29 - 76.6 Deiied 
11.08 ae OC, 0-152 


Average K 


5 (at#30?) Osl5z2e0..002 


ee 


Calculated from equatzons (12), using Ma] = +51.8 and 
IM. lo =s—23752- 
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Calculations of Ke were also carried out using the 
rotational data of 7 in 1,2-dichloroethane solutions that 
contained pyridine or 4-methylpyridine as the hydrogen-bond 
accepting base. The asterisked data in Tables 7,8,9 and 10 
were used to obtain the appropriate average Ke values that 


appear in Table 27. Also listed in Table 27 are the AG. 


AS, and AH. values that were derived from them. 


The AS, values that appear in Table 27 represent 
both intermolecular hydrogen bond formation as well as a 
change in chair conformation. The entropy difference 
between the 7e and 7d conformations of 7 in pure 1,2- 
dichloroethane, AS), nase aeValue of only +1.2 e.u..- (Table 
24). For this reason, the change in chair conformation 
associated with K. is probably not a large contributor to 


5 


the observed AS, values. The principal reason for these 
negative entropy changes should be the "pairing" of the OH 
function of 7 with the DMSO or pyridine bases to form a 


Single intermolecularly hydrogen-bonded complex. 


Several i.r. studies have been reported for inter- 
molecular hydrogen bond formation between simple aliphatic 
alcohols and various pyridine derivatives in ccl, C7527.6¥ 
77,78). The hydrogen-bonded complexes are proposed to 
consist of one molecule of the pyridine base and one molecule 
of the alcohol. The investigators report AS values in the 


order of -12 e.u. for intermolecular hydrogen bonds that 
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involve pyridine or 4-methylpyridine. These values compare 
favourably with the data in Table 27. Although suitable 
reference data for complexes of DMSO and alcohols could not 
be found, the value of AS. that was obtained from the DMSO/ 
1,2-dichloroethane solutions lies within the range of 
values reported for intermolecular hydrogen bonds between 
alcohols and general base types such as dioxane and 


dimethylformamide (29,78). 


The enthalpy changes, AH that are reported in 


5! 
Table 27 consist of two probable terms. The first is the 
enthalpy associated with the formation of just the inter- 
molecular hydrogen bond. The second is the energy that is 
required for the combined rupture of the existing intra- 
molecular hydrogen bond in 7e* and the shift to the 7d" 
conformation. It is,therefore, not surprising that the AH 
values of about -4 kcal per mole that have been reported 
for the intermolecular hydrogen bond strengths of pyridine, 
or 4-methylpyridine and alcohol complexes (75,76,77,78) are 
somewhat larger than the AH. values in Table 27. These } 
AH. values are not big enough to offset the values of 


5 


sat X ASe, with the result that the AG. values are greater 


. 


than zero and the K. values are considerably less than 


unity. 
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This concludes the discussion of compound 7. 
These interpretations of its rotational behaviour will be 
referred to in the discussion of the rotation curves of 
compounds 3 and 5. The work with 7 justifies the use of 
DMSO/1,2-dichloroethane as a convenient solvent system 
for the studies of "hydrogen-bond conjugation" in such 
diols. The results have demonstrated that this phenomen 
is not restricted only to solutions that contain DMSO as 
the hydrogen-bond- accepting base. However, of the four 
bases that were used, DMSO possesses the greatest ability 
to increase the population of the intramolecularly hydrogen- 


bonded conformation of 7 (cf. Figs. 27 and 28). 


2. Empirical rules for determination of the molecular 
rotations of 1,5-anhydro-deoxyhexitols and related 


carbocyclic compounds 


Interpretations of molecular rotations plays an 
important part in the ensuing discussions of the preferred 
orientations of the bonds of the hydroxymethyl function of 
model carbohydrate compounds. Empirical rules that will 
be used to assess the molecular rotations of the individual 


rotamers of these compounds will be developed at this point. 


Procedures for determining these rotations, 
developed by Brewster (12) and Whiffen (10), have been 


available for many years. Attempts to use them are 
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hampered by the rather complex presentation of the rotation 
parameters (cf. Table 1). The system developed by Lemieux 
and Martin (9) requires the tabulation of only those gauche 
three-bond units of conformational assymetry that do not 
terminate in a hydrogen atom (Fig. 8, p. 17) and is much 
Simpler to use. This latter approach will in part be used 
here, although it must be extended to include the 
structural feature that gives rise to Whiffen's I parameter, 


or Brewster's"permolecular pattern". 


One difficulty that is encountered with any 
emeoret1cal  treatment;,.of optical activity is the lack of 
a precise correspondence of the actual conformations with 
the ideal staggered conformations that are used for the 
calculations. As X-ray data have accummulated on the 
conformation of carbohydrate structures in the crystalline 
state, it has become quite evident that ideal chair 
conformations are not realized, and that, asa “govern 
dihedral angles vary from one point to another oa the ring. 
This is well displayed by the data in Table 28. There 
are no assurances that the same differences will occur in 
solution, but clearly one must expect similar deviations. 
As Brewster has pointed out (12,14), the contribution made 
by asymmetric three-bond units should be proportional to 
the sine of their dihedral angle, which in the present case 


is assumed to have an ideal value of 60°. As a result of the 
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Torsional angles for neighboring atoms in crystalline 
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derivatives of a-D-glucopyranose* 
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deviations of the actual bond angles from 60°, the values 
assigned to the individual parametric units can only be 


regarded as average, rather than precise, values. 


A second problem encountered with the estimation 
of optical activity is a possible variation in the values 
of the individual rotational parameters from one solvent 
system to another. For example, an O/O unit in DMSO may 
not have exactly the same value that it does in water. 
Lemieux has helped to dispell such fears, noting, for 
example, that the rotation of 1,5-anhydro-2-deoxy-4,6-0- 
ethylidene-D-arabino-hexitol (48), which should be a con- 
formationally rigid compound, is not appreciably dependent 


on the solvent (9). 


ee 0 
0 


HO 


48 


The empirical rules developed here are based in 
part on the molecular rotations, in water, of certain 
compounds prepared during the course of this research. 
Additional data have been obtained from literature sources, 


which are usually given for aqueous solutions, 
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HO 0 


49 


According to the present procedure, a single 0/O 
unit generates essentially all of the optical activity of 
(+)—- or (-)-trans-1,2-cyclohexanediol (49). There are 
two different literature values for the rotation of this 
compound. Previous authors (9,10,12) have referred only 
to the value of +48.9° that has been reported for the 
dextrorotatory isomer (79), and not to the values of 
#53.9° that are reported for each of the two enantiomers 
of this compound (80). It would appear, on reading references 
ik, avd 80, that the values of +53.9° are the more accurate 
indications of the rotation of this compound. This suggests 
that the value of 45° that was previously used for the O/O, 
pitas telateupparaneters. (9710712), may have Heeni coe small. 
In this thesis each O/O unit will be assessed 55° of 
molecular rotation. The fotations of the compounds in 
Table 29 show that this is a more realistic estimate of 


its value. 


A single O/C unit of molecular rotation should 
generate most of the optical activities of (+)-trans-2- 


methylcyclohexanol (50) and 1,5-anhydro-2,3,6-trideoxy-D- 
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TABLE 29 


Molecular rotations (°) of selected cyclitols, in water 


sot pe ee ae a inl ie ee Ieee eat ais SESE A fossil cee AOS aI, ne a 
Compound Analysis Molecular Rotation Rererence 
Calculated Observed 


H -0/0 -55 -54 80 
~49 79 
HO 
H 
+ 
A -20/0 -110 -91 81 
HO 
perma | 
ae +0/0-20/0 = -55 -53 82 
HO - = -0/0 
OH | 
~20/0+0/0 ~55 iri 82 
as Sy Al 
HO 
OH 
. BOA EO Ose SE tte 81 
H H 
omris \ 9 = -0/0 
HO nO 
TON -0/0 -55 -53 83 





For 20/0 = £55."". 


This compound will almost certainly have a sizeable 
population of the alternate chair conformation (85). 
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erythro-hexitol (10). 


CHz Hz 


HO | HO 


prt 50 


—_—_— a 


Two literature values have been reported for the 
molecular rotation of Dees ite fits.,, anda older value of 
+44° is for a neat solution (86) whereas the more recent 
walue Of +48.9° Ts=for-a methanol solution (20). - The 
rotation of a water solution of compound 10, recorded as 
part of this research, is +39.0. In this thesis an averaged 
VWolLUC Or, 45 will be given to O7E units. Table 30 contains 
the estimated and observed rotations of several compounds 
that contain this rotational parameter. The rotation of 
1,5-anhydro-2 ,3-dideoxy-4,6-0-ethylidené-D-erythro-hexitol 
Mol is s0c particular interest. © The fact that it is only 
2. (9) justifies the iempixnical prediction of .arotatlonnscas 


zero for the a conformations of compounds 5 and 3. 
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ie 0 
0 


Ee 


[MJe= +0/C-0/c = 0° 


HO 
HO 0 
HO HO 
Coa 5a 


[M] = +0/C-0/c = 0° '(M] = +0/c-0/c = 0 





The molecular rotation of 1,5-anhydro-2,6-dideoxy- 


* 
‘ D-lyxo-hexitol (33) is +55° iniwater at) 25°C... Ther+070 





This compound can be assumed to exist in the chair 
conformation that is illustrated. The alternate chair 
form, with its opposing methyl and hydroxyl functions, 
must be in very low abundance at room temperature. 


From the rotation of the enantiomer (Table 14). 
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unit between C3-03 and C4-04 combines with the -0/7C unit 
between C4-04 and C5-C6 to produce Only eblOlsof this 
rotation. The remaining partial structure of ao (Rig. 34a), 
which still contains a +0/0 unit between C4-04 and C5-05 
(04/05) and a -0/C unit between C4-04 and C3-C2 (04/C2), 
has an apparent rotation of +45°, Obviously, the +04/05 
Mniby it valuedsat Soe and the -04/C2 unit, if valued at 
-45°, are not enough to account for this +45° of rotation. 


About +35° of rotation are "left-over". 


For this reason, the partial structure in Fig. 
34a, with its rotation of +45°, is best considered as a 
Cisrd, and distinct rotational parameter. Whiffen's I 
parameter, which he assessed a value of 43°, covers this 
Same structural feature, namely, an axial OH group at C4 
(or C2) of a pyranoid ring. Because of the Similarity of 
Whiffen's empirical value and the empirical value obtained 
here (45°), it seems appropriate to refer to this third 


Parameter by. the letter 7. 





(a) +T= +45° (bit -Insieds” 


Fig. 34: Partial structures that define the I parameter. 


Ee aR Tn OE 8 TE IEE SE EN SE DE I CES NE IEEE 
si The enantiomeric structure, shown in Fig. 35b will 


contribute -45° of rotation to compounds that contain it. 


°Zh+ to NOAM S See tagqe As 


aft hoe ,°2?+ && bediev ile 


@ svi sega: 2:69 tes 




















so BOSS] Dns co-8d noowsod bm q 
4c ws 1-29 bas ORD ‘neowsed 


<a 7 


loiuaae pwaetoatenes off oteteeoo 


. 


¥ . F q : 5 
‘nu, OO -« Hiniageco Lidsmoio cae 
7 - OG 


. ; h. 
yAg@w Ie i SS peg we s bas (eo 


Privo’ ri a { prey Niet 7on O26 oe 


i” Sis setiasten Gp eRe: 2001 


i+. %o norgectos eee Ad bee 
3902 tornideh Bests s 
Pe ty : eat 

wl tMoicdw ,tetocesae 
viowia Jetset? Lewaoarss 


= aN 


Hie Slot @ 20 G2 
| 23 


fi bos ovlov intiakete eset 
‘ ‘ — 


essitgoxgds. aieg BS Rats) 
«] sio5sat ona yd 


161 


Different explanations of the rotational power of 
this I parameter can be proposed. For example, it is 
possible that the +04/05 unit is somewhat larger than a 
"normal" +0/0 unit, or that the -04/c2 unit is smaller than 
a normal -0/C iihigty so that their difference is greater 
than +10°. This is reminiscent of the manner in which 
Whiffen approached this problem (10). A second cause of the 
rotation of the I parameter could be the result of the 
permolecular pattern of 05, C3, and the axial H and OH 
substituents at. C2 and C4. This permolecular pattern need 
not, of course, produce all the 60° of rotation proposed 
by Brewster (12). However, it could have some rotational 


power and thereby account for some or.all of the rotation of 
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Fig. 35: Four bond units of conformational asymmetry. 


The present treatment does not include contribu-— 
: + 
tions from four-bond units of conformational asymmetry. 


For a detailed, but rather complex treatment of such 


units, see references 15, 16 and 17. 
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However, such units could make a contribution to the value 
Geil.” For example, the ,axial.oxygen, 04, “sees" the Cl 
carbon in two different ways (Fig. 35). One of the four- 
bond chains connecting 04 and Cl includes the ring oxygen 
and can be symbolized as O./c: The other chain, designated 
as OnE contains three central carbon atoms. The 
difference between the rotational powers of these two 


chains (O/c - O/C) may be greater than zero. 


At this time, such eed ateee vane of the theoretical 
basis of the I parameter are only speculative in nature and 
illustrate the need for continued investigations into the 
reasons for the optical activities of molecules. One, or 
all of the above-mentioned theoretical effects could generate 
the empirically observed value of I and at present it is not 


possible to distinguish between them. 


The empirical values of the 0/C, 0/0 and I 
parameters presented to this point give an adequate account 
of the rotations of compounds in Tables 29, 30 and 31, and 
therefore appear to be suitable for discussions of the 
rotations of the diols that are considered in the next 
sections. A fourth unit, C/G, will be discussed ina 
separate section on the rotational behaviour of the methyl 


ethers of compound 3. 





















oo 4 
ca 
Lf : (>> : i 7 b Pica , aX ee! cy aera bay avis fou2 <tovewoH | 
« f 
i> of2 "“eSee” Ph ~nepyao, £Re ert ori , viqnexe xorg Pe 9 to 
— 
fe pit) ayer Sones awd AL mod 
ut {9 DOte 20 PRESpenRoS anieda prod 
fe ae 3... 86 bosvliedave ed Aas 
. > . 
io (sem ead aateons ADNgg® a 
Loeeiietor wi? teewiledt eoaewshal 
’ il aenke CAN - +t 
at , 5 a Pr a KF a es ay 9) 2 
R i ei. Maun ,.a@mEesd Bee pA 
. mA " 
ino sus 2stonosey I eae fo eee 
af: : a 
‘Z f seek houni sea toi Sesn cds sIst2eueee 


al 
« 


o behdivigse ra edd +Ol ap 


ake be TOs er n~evodé erg 99 


re T 2o svifee Bepeeedo elisosiions 


juewJe! deinwpaiselb of stdiage 
$s 


* 


bas O\0 .O\8 wis to striae Leake bans eae 


yf ‘ 


= : oe 4 . 
SHUINOS SR! 5 Wino arleqd abic a vesOGRatg 21st ous an 


‘bitte wht Bin. C6 «8S eetidea? is a ah aia ie axigivadon oad 2 









“u}S > 


cee ail 






seat io. ano beewroul 198 skdodiigs oe, os 2AOaGs 


wr ta fans aio. ae 


NS. 





£63 


TABLE 31 
Molecular rotations (°) of sugars with 


axial hydroxyl functions at C2, C3 or C4 











eee erik ee eee, Se COC. OF as 
Compoun Analysis Molecular Rotations Ref. 
Calcd.tObs. Whiffen's 
Method* 
HO Hy 
ae 0/0-0/C+I reste) en ese) +54 - 
HO 
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HO OH +0/C-20/70-1 -110 -124 SS) 2 
H 
CH3 
O 
HO OH OH 0/C-0/0-I ee o> aie fi 2) 
HO 
CH3 5 
HO OH 07C-0/0 00 are 9 
HO 
HO 
O 
HO OH OH —-0/0-I =L00 5 "= 109 -101 9 
HO 
For 0/0 = 55, 0/C = 45° and I = 45°, 


From Whiffen's empirical rules, Table 1. 
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3. The conformational preferences of the hydroxymethyl 


functions of 1,5-anhydro-deoxyhexitols and related 


carbocyclic compounds in water 


As was mentioned previously, the object of this 
research was to acquire information on solvation effects on 
the conformational equilibria of compounds which are simple 
analogs of hexopyranoses and hexopyranosides. A basic 
element of this procedure was to compare properties of S 
and 4 with those of their carbocyclic counterparts, 5 and 6. 
For example, differences in the molecular rotations of 3 and 
»2 help to establish the effect that the ring oxygen has on 
the preferred orientations of the bonds of their hydroxymethyl 
functions. It is considered best to first discuss the insight 
that was gained on the conformational properties of these 
compounds in water and then to extend the discussion to non- 


aqueous solvents. 
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CH 0H TENG 
6 








Jo 
> 


HO 





me Data were obtained from the enantiomer. 
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The molecular rotations, in water, of the compounds 
that will be considered in this section are listed in 
Tables 13 and 14 (pp. 113 and 114). Each of the solutions 
was prepared at 25°C and then its rotation was measured at 
the various temperatures that are listed. The calculations 
used to obtain the molecular rotations included adjustments 
for the change of the solution volumes relative to their 


Values at 25°C. 


Portions of the n.m.r. spectra of compounds 4h, 

mo and 6 in D,0 (220 MHz) are reproduced on pages 177 and 187. 
Approximate, average coupling constants are listed in Table 
32. Estimates of the average coupling constants between 

the exocyclic methylene and H5 protons of compound 4 could 
not be obtained from its complex n.m.r. spectrum, which is 


reproduced on page 192. 


It is convenient to begin with the two carbocyclic 
compounds, 5 and 6. Each of these diols was recrystallized 
to constant optical activity following its preparation from 
the contigqurationally related 2-hydroxycyclonexane— 
carboxylic acid. These two optically active acids, (1R,2R)- 
(-) -trans-2-hydroxycyclohexanecarboxylic acid (25) and 
(1S,2R) -(-) -ets-2-hydroxycyclohexanecarboxylic acid (24) 
were prepared according to the procedure of Torne 61. The 


general scheme that was followed is illustrated in Fig. 36. 
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05H 
OH 
| 23 


Brucine salt 
YY ecesolaiticnn(ClL) 


HO CO5H 
@ CH,N., 
@ LiAH , G 


24 m.p. 49-50° 
ys 25 
my 2° - 45.4° (c, 1.56 in ether) [Mie eet O- Cagecce, 
0.42 in water) 


@ Reflux for 40 hours in 10N aqueous 
ROH SCG LE). 


@ Neutralize with H,SO,; isolate product 


and Smecrystalbiuzee teto tconstantim=<yp- 
and rotation. 


| COnH CHoOH 
| @ LiaH, 
25 ES) 
Mepe 107-109" Ms PD. "20525 ~ 
[M]2? - 77.0° (c, 0.75 in (ile nists fea. 
chloroform) 


0.34 in water) 


Fig. 36: The preparation of (1R,28)-(-) -trans-2-hydroxy- 
methylcyclohexanol (5) and (1R,2R)-(-)-ets-2- 
hydroxymethylcyclohexanol (6). 


a 


\ 
\ 


‘ 


a, *PS~ 60. + 0 + 

rad a © Pn a 

; gh. | egy 7 
»* 





‘ 
‘ eee * 
ene 
a > 









ties onbouad 
eo! MLN oeeyz 


= 
£ a 
i —~ 
= : 
1 
‘ a= - if —_ 7 
a- ) 
aes 





\aeowre ae 
“¢ol-Toel: «QM... i 


7 i. #f-0 = “On FT, 7 ot J ha 
: . ae! he ~~ 
—* = ee. Lis os 9 






3Jou8 ls 

“ fe Be Shae 
dO S y 
> ~ 


167 


The enantiomer of compound 5 that was prepared 
erner ioentaiiy 1s. the. “quast.mirror-image. of 3... The 
author feels that it is better to refer to the structure 
of the other enantiomer of 5 in order to better illustrate 
the relationship to compound 3. Consequently, the structural 
diagrams of 5 in the text that follows represent its 
dextrorotatory epimer. Similarly, the molecular rotations 
of 5 that are discussed will have opposite signs to the 
experimentally determined values that are listed in Tables 


Topands. >. 


Conformational preferences resulting from rotation 
about the exocyclic C-C bond of compounds 5 and 6 can be 
anticipated by so-called quantitative conformational 
analysis. This technique is of course only an approximate 
procedure but it does provide a guide for the interpretation 
of their n.m.r. spectra and molecular TOLaLions. 

1B 
HO— Hy 


HO 






*-OH:0H = 1.5 kcal/mole 


20H:H = 0.9 kcal/mole 
5a 


oc 
HO 
30H:H = 1.35 kcal/mole 
5b 
Figs ji: 42nceractioneires encroies involving, che 


hydroxymethyl group of trans-2-hydroxymethyl- 
cyclohexanol. 


igo 24700 te. ep Sapeaiioga eae a+eyigae 

















i: Me ighOD | amok eae ane 
aes ws pb ges am ei er E yp hetaemt eam 
; stind af 22 Sane pages cat 

d lo "ameitnete tedto ad¥, 

. Een yous od obi shiottates: 
eee 2 re and tee 
Csi Maes “ae ste yrodedoxo tans ry 

Ba iy bon auoe lt ers sed a 


? 


ia nimses ob vit edroamé 


rrouplorg teacidegsalaed > cose 
~— Ape 1 Fa . ‘a 
(ao, To Bad Uo oli syoone @h% Sou 


isincup Solio see yl Rotedtakams 


168 


The three rotamers* of 5 are shown” in" Fig. 37 
along with the estimates of their relative conformational 


free energies. 


The OH:H symbol represents the interaction free 
energy generated by opposing C-H and C-OH bonds, although 
it is often referred to simply as the repulsive energy 
between syn-axial hydrogen and hydroxyl functions. It may 
be considered as nearly equal to one half of the free energy 
difference between the chair forms of cyclohexanol, whose 
hydroxyl function opposes two hydrogen atoms in its axial 
orientation. The total contributions that the two OH:H 
interactions make to the free energies differences of cyclo- 
hexanols and related structures have "best" values of 0.87 
kcal per mole in polar hydrogen-bonding solvents (85). In 


aprotic solvents such as CS hydrocarbons and halogenated 


2! 
hydrocarbons it is somewhat smaller, averaging 0.52 kcal/ 
mole’ (85) *~Fin this thesis, “a stngite-OH:H interaction, in 
water, is given Angyal's value of 0.45 kcal per mole 
(88,89), approximately one half of the 0.87 kcal referred 
to above. The OH:OH symbol represents the interaction free 


energy of two opposing C-OH bonds. Angyal first assigned 


this a value of 1.9 kcal per mole in water, using as models 





Because of the different nomenclature and numbering con- 
vention for 3 and 4 compared to that of 5 or 6, the 
exocyclic methylene and vicinal ring protons of these 
four compounds will be referred to as Ha, Hp and Hy in 


order to simplify discussions of the n.m.r. spectra. 
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the conformations of cyclitols that contained opposing 

axial C-OH bonds (88). He has subsequently reported (89) 
that a lower value, 1.5 kcal per mole, appears to be better 
suited for the analysis of pyranose conformations, noting 
that angular distortions in such structures can relieve 
some of the steric strain contained in this OH:OH interaction. 
In a conformation such as 5a, the steric repulsion terms 
between the opposing oxygen atoms can probably be reduced by 
a slight rotation of the hydroxymethyl function about the 
exocyclic C-C bond. With this in mind, Angyal's smaller 
vValueeof 1.5 kcak per mole is probably a more appropriate 
estimate of the OH:OH interaction in this structure. Again, 


this value refers only to aqueous solutions. 


Using these values for OH:H and OH:OH interactions, 
the differences in the free energies of conformations 5a, 
5b and 5c can be estimated and then used to predict their 
relative populations. For example, 5c should be about 0.45 
Keal per mole* more stable than Sb.” “Using the simple” free 
energy-equilibrium relationship, the ratio of the mole frac- 
tion of these two conformations can be estimated to be 2.1 
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Similarly, the ratio of Xy to X, Should besa. usat 25.°C. 
Equating the sum of Xo x and Xo to unity supplies the 
necessary third relationship for the calculation of their 
individual values. The conformational populations of 5, 
Pramater 1G 2570 calculated on ithis: basis @arelse 5a,).20%; 


Sby 26% 7) 5c,. 548. 


HO OH 
HO HO HO 
Sa 5b 5c 
[M] = +0/C-9/C=0 [M] = +0/C=+45° [M]. = +20/C=+90° 


Fig. 38:) Thesrotational- units contained in the conforma- 

tions of compound 5. 

Fig. 38 shows the analysis of the molecular 
rotations of the individual conformations of 5. The 
observed rotation of this compound, at 25°C in water, is 
+71.5°. According to the conformational distribution 
predicted for 5, its molecular rotation should be only 60.3° 


(at 25°C), if the following equation is solved for 0/C = 


45°. 
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IMI ys (predicted for 5) = X,(0) + X (+0/C) + X_(+20/C) 


0.20800} 4205267 (4457) 450.54 


(+907) 


+60°. 


An 11.5° discrepency between the predicted and 
observed rotations of a conformationally flexible molecule 
such as 5 should not be considered serious. For example, 
me UAC han sbeenwgiven a value of 50? the predicted rotation 
would have been 67°, which is much closer to that which 
is observed. The important result here is that both the 
conformational analysis, and the molecular rotation, indicate 
that the total population of 5b and 5c is much larger 
than that of 5a in a solvent such as water. This is also 
supported by the n.m.r. spectrum of 5, which will be 


discussed shortly. 


The molecular rotation of the aqueous solution 
of 5 was recorded at temperatures that ranged from 5° to 
80°C (Table 13, p. 113). As the solution temperature was 
raised the absolute rotational values decreased, most 
probably indicating increases in the total population of 
the 5a and 5b conformations. The relative insensitivity of 
the rotations of compounds such as 9, 10 and 33 to such 
changes in temperature (Table 14, p. 114) rules out the 


possibility that the changes observed for 5 are the result 
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of variations in the values of the actual 0/C parameters 
themselves. As will be seen shortly, the n.m.r. spectra 

of 5, recorded at 5°. 40° and 80°, also indicate that these 
rotational shifts are the result of changes in the 

relative populations of the 5a, 5b and 5c conformations, 


toward decreasing abundance of 5c. 





HOH Heo lo. KkKCal per mole 





30H:H+OH:OH = 2.85 kcal 2OHS Ht 2 Cue sHo 2a 20 
per mole kcal per mole 
Fig. 39: Interaction free energies involving the hydroxy- 


methyl function of eig-2-hydroxymethylcyclohexanol. 


There are four conformations of ¢ts-2-hydroxy- 
methylcyclohexanol that could have significant populations 


in water. These, together with the important interactions 
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that determine their relative populations, are illustrated 


INPLGQ? 39. 


The two minimum energy conformations, 6a and 6c 
should occur in about equal amounts, as they contain the 
same interaction terms. At 25° in water, they will be about 
1.05 kcal per mole more stable than 6b, which has opposing 


hydroxyl functions. 


The relative importance of 6d depends in part on 
the instability of its axial hydroxymethyl function. As 
far as its interactions with the two opposing axial C-H 
‘bonds are concerned, this function should have about the 
Same instability as an axial methyl function would have, 


namely, the value of two CH,:H interactions. For this 


3 
discussion, these interactions are assessed values of 
about 1.0 kcal per mole each.* They combine with the two 
OH:H interactions that are also present in 6d to make 


this conformation only slightly less stable than 6b, and 


Pei kKCal per mole less stable than either 6a or 6c. 


The following populations (at 25°C) of these 
four conformations of 6 have been calculated from the 
above estimates of their relative conformational free 


+ his is slightly larger than the CH3:H interaction value 


of 0.9 kcal per mole that is recommended on p. 354 
of reference l. 
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energies. The method of calculation was the same as 


that described for the conformations of Sa 
6a, 43%; 6b, 7.5%; 6c, 43%; 6d, 6.58. 


The analysis of molecular rotation units contained 


in each of these four conformations is as follows. 


6a -20/C = -90° 6b -0/C = -45° 


6c +0/C-0/C = 0° 6d +20/C = 90° 


By solving the following equation, using an 0/C 
value of 45° and the above estimates of the fractional 
populations of 6, a value of -36° is obtained for the 


predicted rotation of 6 in water. 


[M]*° (predicted for 6) = X,(-20/c) + X,(-0/c) + X_,(0) 


+ X 4 (+20/C) 


OAS (A90 TR 4280, 075(—45)2 + O43 (0) 
Os Ooo (490s) 


= -36° 


The? observed rotabion of @*sdluticon or crook 
water is -46.5° at 25°C. Considering the approximate 
natures of both the conformational analysis and the estimate 
of the value of an 0/C parameter, the discrepency between 
the predicted and observed rotations is not surprising. 
One possible reason for the "low" predicted value of 


Im *° could be an error in the assumption that 6a and 6c 
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have equal populations. In actual fact, the 6a conforma- 
tion could be more stable than 6c due to some solvation 
effect that necessarily crude conformational analysis 

does not foresee. This would give the solution a more 
negative rotation than that which is predicted. Another 
reason could be the importance that conformational analysis 
gives to 6d. Its population could be smaller than that 
predicted if the axial hydroxymethyl function interacts more 


strongly with the opposing C-H bonds than was proposed. 


The gmolecular rotation of the solution of 6 
shifts, withincreasing temperature, towards the rotation 
‘Gf P20/E MPI Sjectnat is predicted for Gd. ‘However, the net 
shift in rotation is only +7.4° in the temperature range 
between 5° and 80°C (Table 13, p. 113). Evidently this 
increase in thermal energy is unable to effect a substantial 
increase in the small percentage of 6d. This will also be 
evident from the discussion of its n.m.r. spectra, which 


were recorded at 5°, 40° and 80°C. 


The molecular rotations and predicted conforma- 
tional distributions of 5 and 6 will now be related to 
the n.m.r. spectral parameters of these two diols. The 
two exocyclic methylene protons of both structures are 
deshielded by oxygen atoms, and,as a result, are well 


The values for J and 


separated from the signal of Hy. AX 


J that appear in Table 32 were taken directly from the 
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at SC at 40°C at 20 C 





Fig. 40: Portions of the n.m.r. spectra (220 MHz) of trans- 
2-hnydroxpmethyl cyclohexanol (5), in D290, at 5°, 40° 
and 80°C (see Table 32). 





Fig. 41: Portions of the n.m.r. spectra (220 MHz) of ets-2- 
hydroxymethylcyclohexanol es PR 6 ES 
and 80°C (see Table 32). 
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portions of the 220 MHz n.m.r. spectra of these two diols 


that are reproduced in Figs. 40 and 41. 


Soon after the discovery (90) that vicinal hydrogens 
which define a dihedral angle of 180° are coupled three to 
four times more strongly than when the dihedral angle 
is 60°, it was established that coupling was also large 
when the angle was 0°, but small in the range of angles 
between 80° and 100° (91). These observations led to 
_Karplus' proposal (92,93) that there exists a relationship 


of the form 


where J = coupling constant, $¢ is the dihedral angle and 

a and b are constants of the particular system under 

study. Meanwhile it had become apparent that the magnitude 
of a coupling constant was also dependent on other para- 
meters, including, for example, the electronegativity of 
substituents (94). Therefore, it is important to 

recognize that coupling constants calculated from this 
relationship are only very approximate. Nevertheless, the 
Karplus type relationship appears definitely to be of 

value in the study of conformational differences between 


closely related compounds, such as 5 and 6. 


One problem in using Karplus' equation to 


predict the J and J,, values for the individual 
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conformations of compounds > and 6 is the choice of values 
to be given to the a and b constants. A second problem, 
discussed shortly, is the assessments of ¢, the actual 


rather than theoretical dihedral angle. 
The two Karplus-type expressions 


J Akin cos” 4 (90 ve 6 <7 180°) 


14 cos” $ (is 4 = 3907) 


and J 


will be employed in the following discussion to estimate 
the coupling constants of the conformations of > and 6. 

For the present purposes the small constant b has been 
equated to zero. This constant is mainly of interest when 
dihedral angles approach zero degrees, which is almost 
certainly not the case here. The values used for the a 
constant have been derived from the n.m.r. spectral data 

of the conformationally rigid compounds, 49, 52 and 53 
(95). Their observed values of Jax are thesbasis, forethesa 
of 11 that is used in the first expression. This involves 
the reasonable assumption that the dihedral angle between 
the B and X protons is approximately 180° in these structures. 


The value of 3.5 Hz, reported for the J of the isopropyli- 


AX 
dene compound (53),is the basis for the a of 14 used in 
the second relationship. For ¢ = 60°, the expression 


BPTOrdas: ae.) Valuecol <3 suZ. 
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D D 
Oh OAc 
OH OAc 
Ha H 
43 AaLY oe Ha Hy 
Jpx ia oes cee | Jny = iL ne an ccl, 
D 


Ey 
Jpy = 11 Hz in ccly 


Jay = 3.5 Hz in ccl, 


Now consider the three rotamers of compound 


Jo 


(Big. 37,ep- 167) #, It would be naive to propose that 
these rotamers all define the ideal dihedral angles of 

60° or 180°. This assumption is probably only, Valid: for 
5b, in which the "axial" exocyclic C-OH bond is buttressed 
by the two opposing C-H bonds of the ring... Therefore, 
only in 5b can Try and Jny be given the value of 3.5 Hz 


that the proposed relationships predict for ¢ = 60°. 


The situations in 5a and 5c are undoubtedly less 
ideal. Inspection of the structures in Fig. 37 shows 
that the primary OH group of 3a can probably relieve some 
of the non-bonding steric interaction with the opposing 


secondary OH group by undergoing an angular deviation from 
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the ideal staggered orientation. For the same reason, 

the primary OH group in 5c will most likely be skewed 
slightly away from the H atom that opposes it. In both 
cases the angular distortion of the C-OH bond should be 
towards the vicinal C-H bond rather than towards the more 
Space demanding vicinal C-C bond systems of the ring. 

The actual dihedral angles will obviously represent the best 
compromise between torsional strain and non-bonding 


interactions. 





J = 0.9°Hz2 10. /, HZ 
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BX 
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To illustrate this point, assume that the "real" 
Ginedral angies in 5c are /0° and-1/0°. Thejvaluessor 


Jey and Jay become 1.6 and 10.7 Hz respectively. The 


OH:OH interaction in 5a will probably result in a somewhat 
greater distortion. If dihedral angles of 75° and’ 165° “are 


proposed for this conformation, J,, becomes 0.9 Hz and 
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At 25°C, the average Jp for the D.O solution of 


X 2 

53 has an actual value that lies between 4.3 and a0 Hz." 
Similarly, the average Jax for the solution has a value 

between 6.5 and 6.2 Hz.’ The average values of Jpy and 

Tay that are predicted for the solution of 5 in water at 
25°C, using the estimated conformational distribution on 
page 170 and the above estimates of the individual 


conformational values of J and J are 6.8 and 3.8 Hz 


AX Die 
respectively. 
Jase 089400 1027 4°0826% 355°+80020% 079 
= 6.87HzZ (predicted for 25°C) 
Ueean). Gare aoet 0C26K5355Rr 0120x110. 3 


i 


Be SBHZIKpredicted for 25°e)t 


The author points out that these calculated 
values of Jax and Jay could have been made to correspond 
more closely to the observed values had different a values 
been used in the Karplus-type relationships that were 
proposed on page 178. For example, an a value of 9 in the 
0° < ¢ < 90° expression would have produced a smaller 


calculated average value of J However, such procedures 


AX* 


are basically fruitless and are not warranted. In fact, it 
is this uncertainty in both the a value and in the actual 
i Phe Am, tf. SPEChre of etese-hycroxymethyi-~— 


These values are observed for solutions at 5° and 40°C 
respectively (see Table 32). 
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conformational dihedral angles that makes n.m.r. spectroscopy, 
by itself, only a very approximate tool for this type of 
conformational analysis. This is one reason for the 

present attempt to develop molecular rotation analysis as 


an alternate approach to the problem. 


The n.m.r. spectral data for 5 that are listed 
in Table 32 indicate that a change in conformational 
equilibria occurs on raising the solution temperature from 
>» to 80°C. The increase in the average value of Jny 
presumably represents an increase in the population of 
Sa, in which Hp and Hy are trans to one another and have 
| a large coupling constant. Coincident with the increase 
in Jay is a decrease in Jay: In 5a, H, and HY are gauche 
to each other and should have a much smaller coupling 
constant than they do in 5c. Therefore, the decrease 
in the observed value of Jay suggests a decrease in the 
amount of 5c, which in effect also signifies an increase 
in the abundance of 5a. These temperature effects are in 
Beceedadce with the shift in conformational equilibria 
that was indicated by the decrease in the molecular 


rotation of 5 as the temperature of its solution in water 


was increased from 5° to 80°C. 


The n.m.r. spectra of cts-2-hydroxymethyl- 
cyclohexanol (6) in D,0 show that at 5°, 40° and even at 


80°C the average coupling constants, J and J have the 


Ax Bx! 
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same value, namely 7.0 Hz (see Table 32 and Fig. 41). 


The conformational value of Jax in 6c should lie 


between 9 and 12 Hz, whereas in 6a, where Hy and Hy are 


gauche to each other, J X should have a value between 1 


A 
and 4 Hz. (see Figs 39). The exact value will, of course, 
depend on the actual conformational dihedral angles and 

on the a values in the Karplus-type relationship. The 
values of Iry will be the reverse, 1 to 4 Hz in 6c and 
pecOe.2 HZ in 6a.) The wveragesyadues of Jax and Jpx that 
are observed are almost halfway between the "ideal" 

pe@ehe Valve@or5.5)H2 and transavalue’ of 11.0 Hz. Clearly, 
this does not permit a very large population of 6b, 

the conformation in which both Jay and Jy have the gauche 
value of 1 to 4 Hz. The reader should note that this was 


predicted in the preceding discussion of the relative 


BelecrdcelOne flee energies Of 6a, 6b and er 


In conformer 6d, Jax should have a value between 


Peale 2 HZ and J py a Walue. between, 1.and,4_.Hz.. Provided 
that the mole fractions of .6a and 6c remain equal over 
the temperature range from 5° to 80°C,there cannot be a 
substantial population of 6d in solution,as this would 
have produced an average Jax value that was greater than 
that of Jpy: Even. .at,80°C, this was not.observed. 
Evidently, the shift towards 6d that was indicated by 


the change in the molecular rotation (see p. 175) was too 
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small for n.m.r. spectroscopy to detect. 





[M] = +0/C-0/C = 0° [M] = +0/0+0/c = +100° 





[M] = +20/C-0/0 = +35° 


Fig. 42: The predicted molecular rotations of the three 
rotamers of 1,5-anhydro-2 ,3-dideoxy-D-erythro- 
hexitol (3). a 
The three principal conformations of compound 3 
are illustrated in Fig. 42, along with estimates of their 
molecular rotations. The observed molecular rotation of 
B-is +70.5°40n water at 25°C, which GConperesiito ai7iece 
that is observed for its carbocyclic analog, compound 5. 
Like the rotation of 5, the rotation of 3. decreases 
with an increase in solution temperature, which suggests a 


decrease in’ the? abundance of 3c “(see Table:'l3 ip .p103)< 
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As can be seen from Fig. 42, the primary hydroxyl 
function of 3c is gauche to the ring oxygen atom. In 
3b,where this hydroxyl function is also gauche to the 
ring oxygen, it encounters an OH:H interaction with the 
axial c4 hydrogen atom. As a result, 3b should be less 
stable than 3c by the value of an OH:H interaction, 
estimated at 0.45 kcal per mole in water (89,90). 

This means that 3c should have 2.1 times the population 

that 3b does at 25°C, the same ratio as was calculated 

on page 169 for the two corresponding conformations of 5. 
Considering this anticipated ratio of =CrcLo 3b, the observed 
‘rotation of 3 suggests that 3a, with its two opposing 
hydroxyl functions, cannot be a very important conformation 
in water. This is expected, as the opposing hydroxyl 
functions should destabilize this conformation in water, 
Beethey dO 5a (see p. 169), by about 1.5 kcal per mole 


10) ie 


The partial mim.r. spectra of 3°that are 
reproduced in Fig. 43 are somewhat more eoneie than those 
of 5 (cf. Fig. 40). Because of the deshielding effect 
of the ring-oxygen atom,there are four other protons, 


that absorb in the region of H, and H,. The 


including H A B 


pen! 


values of J and Jry that appear in Table 32 were obtained 


AX 


by analyzing the signals for H 


A and Hy as the AB portion 


of an ABX pattern, in spite of the proximity of the signal 


from Hy 
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Fig. 43:5, Portions sof “(hesn.m.1 se spectra (2200NH2) of 1,5- 
anhydro-2 ,3- Mirae D-erythro-hexitol (3), in 
D5>0,at 5°, 40° and B0%C’ {see Table 32), 
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The average value of J at 25°C lies between 6.4 


AX 
and 6.6 Hz (Table 32). Obviously, all of 3 Cannot -exist 


in the 3c conformation at room temperature, or this value 
(as well as the molecular rotation of the solution) would 
have been larger. As was just mentioned, conformational 


analysis requires about one 3b conformer (J, CEO Icae 


x? 


4 Hz) for every two ac CONlormers (uo PE_OUeo? COL se eae), 


Ax! 
This anticipated population of 3b, plus what population 


there is of sa (J from 1 to 4 Hz), help to explain the 


axi 
intermediate nature of the average observed value of Tny- 
The value of Jpy can only be large (9 to 12 Hz) 


in conformation 3a, where H, and H, are trans to each Ocner. 


B 


The value of Jax at room temperatures lies between 2.4 and 


2.6 Hz, (Table 32) and obviously does not permit a large 
Popilat ton jon 3a,-a result that reinforces the inter— 


pretation of the molecular rotation of 3. 


An increase in the temperature of the solution 


of 3 causes both a decrease in the value of Tay and an 


increase in the value of J (Table 32). The decrease in 


BX 


Jax indicates a decrease in the amount of 3c, whereas the 


increase in Jp represents the concomitant increase in 


Xx 
the abundance of 3a. These results support the above 
interpretation of the effect that increases in temperature 


have on the molecular rotation of 3, in water. 
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It is of interest to note that the values’ of 
Jpx that were obtained from the n.m.r. spectra of 5 are 
larger than the Jax values obtained from the n.m.r. 
spectra of 3 (see Table 32). Compounds 3 and 5 differ in 
their molecular Strocrtire at a point that is adjacent to 
the carbon atom which bears their hydroxymethyl function. 
Because of this, there will undoubtedly be some differences 
in the conformational dihedral angles that are defined by 
their respective Ab sand .C Trotamers, as well as in the 
Karplus expressions required to relate these angles to 
conformational values of Jax and Tax Therefore, it is 
_@ifficult to say whether or not these observed differences 


in the average J Ma lues For sthessolucvons, Of.03 atid 45 


BX 
reflect a difference in the respective populations of 

ehet ra conformations. If the difference. does reflect a 
lower population of 3a relative to 5a, it would imply that 
the interaction between the primary hydroxyl function and the 
ring-oxygen atom of 3a is smaller(in water) than the 


corresponding OH:H interaction between the primary hydroxyl 


function of 5a .and the methylene proton of the ring. 
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The molecular rotation of 1,5-anhydro-2,3,4- 
trideoxy-D-glycero-hexitol (29) in water provides 
additional evidence that the interaction between gauche- 
oriented oxygen atoms, in water, is definitely smaller, 


and possibly attractive, relative to the value of an 


OH:H interaction. 


Consider the three rotamers of this compound, and 
their predicted rotations, that are shown in Table 33. 
The hydroxyl group of 29c is gauche to the ring-oxygen 
atom. In 29b, this group is also gauche to the ring oxygen, 
but at the same time is opposed to the axial hydrogen at 
C4. Because of this OH:H interaction, there should be 
2.1 times more 29c than there is 29b in the water solution 
Pie eee Lie20a, there is only the idestebilizing* OH:H 
interaction, between the hydroxyl group and the equatorial 
proton at C4. The relative amounts of 29a and 29b will 
depend on the nature of the interaction between the gauche- 
OL+ecuscoroxygqen atoms of 29b. Jf it is attractive, as 
compared to the repulsive OH:H interaction energy of 0.45 
kcal ‘per°mole, there will be more 29b, and much more 29c 


in solution than there is 29a. 


The observed rotation of the aqueous solution 
Of 29, whichis +26.2° at 25°C, requires that this ‘be 
so. For example, if 62% of the molecules of 29 adopt the 


“29; conhormation, there must be 62 + 2.1 or 29% of 29b. 
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Fig. 44; The n.m.r. spectrum (60 MHz) of 1,5-anhydro- 
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This leaves about % of the compound as 29a. The predicted 
rotation for this conformational distribution is very close 


to the rotation that is observed. 


25 


[M] 5 


| 


(predicted for 29) 0.62x(+0/0)+0.29x (+C/0-0/0) 
+ 0.09X(-0/C) 


FeO eO eo) aed LO jee 


07509 45%) 


+26.8 (compared COger 2 On ac, 


observed at 25°C). 


HO CHoOH CH50H 


HO 
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Compounds 4 and 32, whose conformations are also 


illustrated in Table 34,are simple analogs of more complex 
structures such as a-D-galactopyranosides (27 oer) Do0, 
n.m.r. spectra of these two compounds, as well as that of 
compound 29,did not afford the averaged coupling constants 
between the exocyclic methylene protons and H5. As can 

be seen from Figs. 44, 45 and 46, the difference between 


the average chemical shift of the two methylene protons 


is, in each case, apparently very small. This proved to 
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be most unfortunate, as the molecular rotations of 32 and 
4 are somewhat anomolous with respect to that of 29, as will 


become apparent from the following discussion. 


OH 
HO 


6b 

According to n.m.r. spectroscopic data, the 6b 
conformation of the carbocyclic analog of 4 is not 
important in water (see p. 184). Because of this, it might 
be argued that 4b, or 32b, should also have a low percentage 
population in water. Now, the primary hydroxyl function 
of the 4a or 32a conformations has the same steric 
environment as the hydroxyl function of 29a. Similarly, 
this function has the same environment in 4c, or 32c, as it 
does in Z7C ee NeTeLOLe ee jUsteas 29c was shown to have a 
much higher percentage population than 29a, 4c or 32c 
should have much higher percentage populations than 4a or 
32a. If their b conformations have small populations in 
water, this means that the molecular rotations of 4 and 
32 should be much closer to the values predicted for their 
respective c conformations than to the values predicted for 
their respective a conformations. Some of this expected 


bias can be seen in the molecular rotation of compound 32, 
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although it is not as large as might be expected.* The 
rotation of 4 is even more anomolous, as it lies almost 
exactly half-way between the values predicted for the 


rotations of 4a and 4c (Table 33). 


4 OH 


HO 


6d 





ga. COULG, bevargued) that this “low” rotation of 4 
is due to the presence of 4d. However, it is unlikely that 
this conformation will be any more important in water than 
was the corresponding conformation of the carbocyclic 
compound (6d). In any case, the rotation of 4d should 


K 
be dextrorotatory , so that the presence of a small amount 





4 The interpretation of the rotation of 29 suggests that 
there is about six times as much of the 29c conformation 
ase unere 1S the 29a conlormation (pi. 190). 

* 


Conformation 4d has been assigned a tentative rotation of 
+100° in Table 33. This is the rotation that is contri- 
buted by the +0/0 and +0/C units that are produced as a 
result of the orientations of its two C-OH bonds. 


Because of the ring oxygen atom, the axial C5-C6 bond could 


generate additional molecular rotation. Whiffen's K 
parameter (Table 1) covers that situation, although he 
points out that the empirical value of -29° that is 
given.to-it is *uncertain” (10)A --Onethe other Hand, if 
C6 were to be replaced by an oxygen atom, it would gen- 
erate Whiffen's J parameter, which has a value of +113°. 
Therefore, although the rotation of 4d is almost 
certainly dextrorotatory, +100° should be regarded as 
only a rough approximation of its value. 
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of this conformation cannot account for the fact that 


the observed rotation of 4 is "too low". 


There is the possibility that 4b and 32b are 
actually the most abundant conformations in water solutions. 
Because of the intermediate nature of their rotations 
(Table 33), the presence of substantial amounts of these 
b conformations would reduce the effect that the anticipated 
c¢ to a ratios have on the solution rotations. In preceding 
discussions it was shown that 6b, 5a and 3a, which all 
contain opposing hydroxyl functions, cannot be regarded 
as having substantial populations in water. The reason 
for such unexpectedly large percentages of 4b and 32b 
could be the cumulation of two intramolecular hydrogen 
bonds that can occur in these conformations. If this 
intramolecular hydrogen bond pattern is particularly 
favourable, 4b or 32b could predominate in water, a 
solvent that can normally be expected to disrupt intra- 


molecular hydrogen bonds. 
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In the absence of useful n.m.r. data the above 
proposal must be regarded as only tentative. The technique 
of analyzing conformational equilibria by interpretation 
of molecular rotation is admittedly crude, as it is still 
only in its development stages. The reader will realize 
that the anomaly in the observed molecular rotations of 
4, 32 and 29 could simply be the result of errors in the 
predictions of the molecular rotations of their respective 


conformations. 


Fig. 47 illustrates the effect that an increase 
in solution temperature has on the molecular rotations of 
4, 29 and 32 in water. As the temperature is increased, 
the molecular rotations of all three compounds decreases. 
It had been hoped that this temperature effect could be 
unambiguously interpreted through corresponding changes 
in the n.m.r. spectra of these compounds. However, this 
was not possible. It is most likely that increases in 
temperature result in changes in the conformational 
distribution of these compounds. The fact that the 
solution rotations decrease implies an increase sawene 
percentage of the least stable a conformations (see Table 
33). This conclusion is supported by the insensitivity 


of the rotation of the reference 6-deoxy compound (33) 


to the same temperature changes. 
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Fig. 47: The effect of increasing temperature on the 
molecular rotations of related 1,5-anhydro-deoxy- 
hexitols in water. 
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4. The conformational preferences of hydroxymethyl functions 
in binary solutions of 1,2-dichloroethane and 


dimethyl sulphoxide (DMSO) 


In this section the effect that intramolecular 
hydrogen bond formation has on the conformational 
equilibria of compounds 3, 4, 5 and 6 in non-aqueous solvents 
will be discussed. Infrared and molecular rotational data 
obtained from compounds 3 and 4 will be compared with data 


obtained from their respective carbocyclic analogs, compounds 


Solutions of 1,2-dichloroethane and DMSO were 
chosen as the solvent system for these investigations. 
In pure 1,2-dichloroethane,: intramolecular hydrogen bond 
formation was not expected to have to compete with strong 
solvent-solute interactions, whereas for low concentrations 
of DMSO, hydrogen-bond conjugation (9,35,55) was expected 
to increase the populations of conformations that contained 
a 1,3-type intramolecular hydrogen bond. The study of the 
rotational behaviour of 1,2-0-isopropylidene-4-0-methy1- 
8-D-sorbopyranose (7) demonstrated that DMSO is not the 
only hydrogen-bond-accepting "base" that can increase the 
strength of a 1,3-type intramolecular hydrogen bond between 
opposing hydroxyl functions, although it was the most 


effective of the bases that were used for the purpose. 
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Molarity of dimethyl sulphoxide in 1,2- -dichloroethane 


Fig. 48: The effect of increasing concentration of dimethyl 
sulphoxide on the molecular PO Cah ON adobe co 6. Us, 
solutions of 1,5-anhydro-2, scribing to =2- erythro- 
hexitol (3) ad cian eae s-2- 
hydroxymethylcyclohexanol > )f 1 2h 2 dichloroethane. 
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+80° 
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+60° at 15°C 
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Molarity of dimethyl sulphoxide in 1,2-dichloroethane 


49: The effect of increasing concentration of dimethyl 
sulphoxide on the molecular rotations at 15°C 
andab 325°C of solutions of (15;2R)—e(+)-trane- 
2-hydroxymethylcyclohexanol (5) in 1,2- 
dichloroethane. 
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Molarity of dimethyl sulphoxide in 1 ,2-dichloroethane 


Fig. 50: The effect of increasing concentration of dimethyl 
sulphoxide on the molecular rotations at 15°C 
andsAt2 36°@ of-solutions) of, l,5-anhydro-2,3- 
dideoxy-D-ery thro-hexitol 3) WT ie: Ate 
dichloroéthane. - 
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The results of the studies of the conformational 
equilibria of 3 and 5 will be compared first. As can be 
readily seen from Figs. 48, 49 and 50, the amount of DMSO 
in their solutions has a profound effect on their 
molecular rotations. To a lesser extent, the solution 
temperature is also a factor in determining the molecular 


rotation. 


The rotational data that were used to plot 
these curves can be found in Tables 15 and 16 (pp. 115 and 
116). Each of these solutions was prepared at 25°C and 
feos rocation measured at! 15%025°r andi 35°C.) Ford solutions 


whose DMSO concentrations were less than 7 moles per litre, 


O15 O55 
a and Bee 
a5 Zo 


into the formula on page 54 were given values of 1.012 


the density ratios, that were substituted 





and 0.989 respectively. For solutions whose DMSO 


concentrations were greater than 7 moles per litre, 
oi ies 

—— and ~— were assessed values of 1.009 and 0.991 
d d 

a 2” 

respectively. (See Table 4.) 


Fig. 51 compares the structures and predicted 
rotations of conformations of 3 and 5. Where they can 


occur, intramolecular hydrogen bonds have also been 


Lemieux and Martin (9) have reported a curve for 3 that 
is qualitatively the same in shape to the ones in Figs. 
48 and 50. However, the rotational values of the 
solutions of 3 that are reported in this thesis are 
somewhat larger than their values. This is presumably 
due to precautions that were taken in the present work 
to ensure the purity of this compound. 
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indicated. It is reasonable to expect that the proton of 
the primary hydroxyl function, being the more acidic of 
the two O-H protons, will be the one that "bridges" the two 


opposing hydroxyl functions of 5a or STs ere ne ie 





OH 
Sa 5b “Be 
[M] = 0/C-0/C = 0° [M] = +0/C = +45° [M] = +0/C+0/C 
= +90° 
H 
HW 9— , 
ie 0 ee 
HO 
3a 3b 3c 
[M] = +0/c-0/C = 0° [M] = +20/C-0/0 {M] = +0/C+0/0 
= +3 5° = 4+ LOO" 


Fig. 51: The estimated molecular rotations of conforma- 
tions Of JI@ando 5. 
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The strengths of their 1,3-intramolecular hydrogen 
bonds, as well as the steric environments of their primary 
hydroxyl functions, should be about the same for both the 
3a and 5a conformations. For this reason, their absolute 
conformational stabilities shouid be about the same. There 
is a repulsive OH:H interaction between the primary 
hydroxyl group and the equatorial methylene proton of 
the ring in conformation 5c. .0On thesother hand, 3c can 
be stabilized in inert solvents by the formation of a 
1,2-type intramolecular hydrogen bond between the primary 
hydroxyl function and the oxygen. atom of the ring. For 
‘the same reason, 3bwillalso have a greater absolute 
conformational stability than its carbocyclic analog, 5b. 
Therefore, in inert solvents that permit intramolecular 
hydrogen bonding, the presence of the ring oxygen should 
result in compound 3 having a greater total percentage of 


the c and b conformations than compound 5. 


The molecular rotation of 5 in 1,2-dichloroethane 
1905139". at 25°C,* and indicates a high percentage of 5a, 
which is stabilized by the 1,3-intramolecular hydrogen bond. 
The corresponding molecular rotation cof 3 is much bigger; 
+42.4° at 25°C. This means that the fractional population 


of the 3a conformation is smaller than that of 5a, which 








Mi The reader is reminded that this value is taken from the 


enantiomer. 
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is experimental evidence of the importance of the 1,2-type 
intramolecular hydrogen bonds between the primary hydroxyl 
function and the ring oxygen of 3b or 2G-.2 Ing tact, shhis 
rotation of 3 in pure 1,2-dichloroethane suggests that 


3c and 3a have similar populations. 


This apparent difference in the conformational 
distributions of 3 and 5 is consistent with the hydroxyl 
function ere eching absorptions in their i.r. spectra in 
carbon tetrachloride (CCl) and 1,2-dichloroethane. Data 


from these spectra are listed in Tables 34 and 35. 


The le©. speecrum Of. 5 im CCl contains. an 


4 
absorption centred at 3525 cnt, which corresponds to the 
Pees ctype itetamosecuLay Mydrogen bond” or Sa (see pp. 23 
Pree 5) ce) Tits avbeOlpuelon 1s Snitted. by (383 cm? from the 
maximum absorption, and 95 om” from the shoulder 
absorption of a slightly less intense band that lies in 
the region of free hydroxyl group stretching frequences. 


Mori and Tsuzuki have reported very similar data for a 


sample of racemic 5 (51). 


The 1-me spectrin Glo. an 1,2-dichloroethane™ 


has an absorption for frée OH at 3590 em > and a second, 





+ whe ir. spectrum and molecular rotation of 5 in 1,2- 


dichloroethane were obtained from solutions that 
contained the same concentration of the diol. 
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slightly less intense absorption at 3505 om™+ (Av 85 


OH! 
cm +) that corresponds to the intramolecularly hydrogen- 
bonded hydroxyl group of 5a. Both of these absorptions 
‘occur at lower wave numbers than in the ccl, solution, 
although the difference between them is about the same 
for both solvents. This is in accordance with the 


predictions of von R. Schleyer (44). 


Provided that free and intramolecularly hydrogen- 
bonded hydroxyl functions have similar absorbances, per 
mole, (41,49), these i,r. spectra of 5 indicate that.it 
exists mainly in the 5a conformation, where one hydroxyl 
ercup 1s free and the other is engaged in a 1,3-type of 
intramolecular hydrogen bond. This is also what its 


molecular rotation in 1,2-dichloroethane suggests. 


The i.c. Spectrum OLy >, recordec= in Carbon 
tetrachloride, provides direct evidence of a substantial 
amount of 1,2-type hydrogen bonding. The absorption at 
about 3630 cm + is assigned to free OH groups. A second 
absorption, of comparable intensity to the first, occurs 


at 3600 cm ( 30 cm) and can be assigned to the 


AVon? 
hydroxyl functions that form the 1,2-intramolecular 
hydrogen’ bonds in’ 3b’ and’ 3¢° (see pp=" 23’ ~to0'= 25) .. *A 
third absorption, only about half as intense as-the'first 


two, and centred at approximately 3525 em? (Avoyi 105 


cm™+), belongs to the hydroxyl function that forms the 
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1,3-intramolecular hydrogen bond in 3a. These results 
are very similar to those that Foster and co-workers (50) 
have reported for the i.r. spectrum of the related 
structure, ethyl 2,3-dideoxy-D-erythro-hexopyranoside (13) 


(see p. 33). 


CHoOH Se 
0 0 


i. cn QEt 


Unfortunately, frequency shifts (Avo) appear 
to be a rather unreliable test for the existence of 1,2- 
intramolecular hydrogen bonding in 1,2-dichloroethane 
solutions. For example, the free hydroxyl function of 2. 


absorbs at 3590 om 


in this solvent. However, the 
hydroxyl group of 1,5-anhydro-2,3,4-trideoxy-D-glycero- 


hexitol (29), which appears to be almost quantitatively 


hydrogen bonded to the ring oxygen atom in ccl, (1,2-type 
hydrogen bonding), absorbs at 3580 cmt in 1,2- 
dichloroethane (cf. Tables 34 and 35). Assuming that 


this hydroxyl function of 29 is extensively hydrogen 
bonded to the ring oxygen in 1,2-dichloroethane, the 
formation of this 1,2-intramolecular hydrogen bond has 
not significantly lowered its absorption frequency 


relative to that. of the free hydroxyl function of 5. 
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Therefore, it isnot surprising that only two 
absorptions bands for hydroxyl functions occur in the i.r. 
Spectrum-of 3 in 1,2-dichloroethane. The first band, 
centred at 3590 cm + probably contains the absorptions of 
free hydroxyl functions as well as the absorptions of 
the primary hydroxyl orate test of 3b and 3c, which should 
be engaged 1,2-type intramolecular hydrogen bonds. The 
second, and substantially weaker absorption band, that 
appears to be centred at approximately 3510 cmt, a5 
assigned to the hydroxyl function that forms the 1,3-type 
intramolecular hydrogen bond in 3a. On comparison of the 
ratio of the intensities of these two absorption bands 
(ea. 4 to 1) with the ratio of the intensities) of \the 
two corresponding bands in the spectrum of 5 (ea. 1 to 1), 
it is evident that 3a cannot have as large a population 
in 1,2-dichloroethane than 5a does. This is the same 


conclusion that was reached on comparison of the molecular 


rotations of the dichloroethane solutions of 3 and 5. 
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Fig. 52: Conformations of compounds 3 and 5 that are 
hydrogen=bonded to one molecule of dimethyl 
sulphoxide. 


The molecular rotations of solutions of 3 and 5 
in 1,2-dichloroethane are both decreased by the introduc- 


tion of a small amount of DMSO (Fig. 48). 


Fig. 52 shows some of the possible ways in which 


one DMSO molecule can form an intermolecular hydrogen bond 
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with the a, b and c rotamers of 3 and 5. To distinguish 
these mono-solvated conformations from the conformations 
of these compounds in pure 1,2-dichloroethane, they are 


referred to by the primed letters a', b' and bebe 


According to Lemieux' proposals (9,35,55) 
(see also p. 42), the formation of an intermolecular 
hydrogen bond between the free hydroxyl functions of 3a 
or 5a should strengthen the existing intramolecular 
hydrogen bond between their opposing hydroxyl functions. 
As a result,3a' and 5a' will have greater conformational 
stabilities than 3a and 5a. Intermolecular hydrogen bond 
formation cannot be predicted to generate a similar increase 
Piechie stebi litres olathe bland ic” conformations of 3 and 
eee However, che 3b" and Sc" structures can be expected 
Peron ac suowl nn Fig. 52, so that the I, 2-type 
intramolecular hydrogen bonds between the primary 
hydroxyl functions and the ring oxygen atom are not 
disturbed. Therefore,3b' and 3c' will continue to be more 
stable than 5b' and 5c', just as 3b and 3c were more 


stable than Sb and oc. 


As the small amount of DMSO is increased, the 
collective mono-solvation equilibrium 


K 
pMSO + (ab 2%) # (at? p' Zc!) 


will shift to the right, increasing the total amount of 


\ 
1 


> (be 


of 





Ra 7a 
é ry 
se a eae 
2c ote 0 


ie “d? oafd oldad 
as 2 = i 
7 “ tr 






7 
a 
_ 
) 
o 
j 7 
* 7 i 
* Ce nd we > —— _ 
+ PhS . a 8 . 
7 =< — Ae 
+ wy a a 
(hy and * 
ra Te 2 : 
’ . at U) 
Th rire? 
. gz? e* 
] vO oD 
- 
< 


oh a 
x 
’ te 
= ’ rj 
’ 
SONniaD 
» a 
7 f LuUé67e 
salt La , 
@. ~cr be 
Ad i 


nolssaw®.¥ 


eldas 


Aa Ba 


{| 


", b' and c' in solution. Because of the increased 
stabilities of 3a' and 5a' relative to 3a and 5a, this 
will result in a decrease in solution rotation. However, 
at its minimum point (0.5 moles per litre of DMSO) the 
rotation curve of the solutions of 3 suggests that the 
1,2-intramolecular hydrogen bonds in 3b' and 3c' continue 
to give these conformations enough stability to prevent 
the solvent-stabilized 3a' conformation from becoming 

the dominant species in solution. On the other hand, at 
its minimum value (0.5 moles per litre of DMSO) the 

Poteet bOnecuir ves or oi ndicaces that in the absence of the 
Being oxygen, most. of the molecules prefer the 5a° conforma— 


tion, with its conjugated hydrogen bond. 


Thesrotations Of solutions of 3 and 5 that 
contain relatively small amounts of DMSO are decreased by 
a decrease in temperature (Figs. 49 and 50). There are 


two probable reasons for this behaviour. 


The decreases in temperature could alter the 
ay: = b! s c' equilibria, increasing the amount of a' 


relative to c' and b*. Similarly, the a + b <c¢ 


equilibria could be altered. This change in the a < Ae) z a 


equilibria does not appear to apply to 3, as its rotation 
in pure 1,2-dichloroethane is not effected by changes in 
solution temperature. However, it does apply to 5. In 


pure 1,2-dichloroethane, the rotation of 5 decreases with 
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a decrease in temperature, thereby indicating an increase 
in the percentage of Da. (ef. Tables 15 and 16.) 


ie > ST > 
(a <b <« c) + DMSO < Cavern hb 


< c') 

A second cause of this temperature effect is a 
probable increase in the value of the collective 
equilibrium constant, K,- In as much as formation of 
intermolecular hydrogen bonds has negative AH values, 

K) should increase as temperature is decreased. This will 
meeredse the total amount. of a", bi vand cin solutiomy and 


consequently the solution rotation will decrease. 


The molecular rotation of corresponding solutions 
of 1,2-0-isopropylidene-4-0-methy1-g-D-sorbopyranose (7) 
also indicated the formation of more of the intramolecularly 
hydrogen-bonded conformation as the temperature was 
Gecteased (c,. Figs. 27, .29:-andi30). However, because 
this conformation of 7 (7e') had a large absolute rotation, 
the effect was indicated by increases in absolute rotation, 


rather than the decreases that are observed for 3 and 2. 


As the DMSO concentrations in the solutions of 2 
and 5 is increased from 0.5 moles per litre to 14 moles 
per litre (100%), the molecular rotations of the compounds 
increase. This is the result of their forming inter- 


molecular hydrogen bonds with a second molecule of DMSO. 
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Fig.. 53: Conformations of compounds 5 and 3 that contain 
two intermolecular hydrogen bonds. 


Consider the possible di-solvated conformations 
of these compounds that are shown in Fig. 53. Unlike their 


mono-solvated counterparts, 3a" and 5a" no longer contain 
an intramolecular hydrogen bond. In fact,they should be 
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particularly unstable due to the opposition of the two 
solvent-induced dipole moments (35,55) and cannot be 
expected to have significant populations at any DMSO 
concentration. Therefore, for moderate to high DMSO 
concentrations, the molecular rotation of Pr and) rto. a 
lesser extent, i, § will be primarily a function of the 


following three equilibria 


According to the first two equilibria, the 
Batlosr ol $c ello va Ypeandeb” "toa Siwi Pl tbe tincreased /hy 
increases in the DMSO concentration. Notice that each of 
these processses is formally the same as that proposed 
POresolurions.of 7) that contained moderate -to high 
percentages of DMSO (cf. p. 132). “In the present case, 
however, there are two stable di-solvated conformations 
that can form (b" and c"), so that two similar processes 


must be considered. 





At 0.5 molar concentrations of DMSO, the solution of 3 
has a modest population of the mono-solvated b' and c' 
conformations. According to its molecular rotation, the 
corresponding solution of 5 contains mostly the 
mono-solvated a' structure. 
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The ratio of. the populations of c" and b" will 
be determined by the relative conformational free energies 
of these two di-solvated conformations. The b" 
conformations of both 5 and 3 are less stable than their 
respective c" conformations by the value of an OH:H 
interaction (see p. 168). If 0.45 kcal per mole is used 
to estimate the value of an OH:H interaction in DMSO,” 

Pyee rol sO ae CiGepOpuretlonc OL C. and Dp Will pe, 2.1) to 1 
ates GC. Inererore, as Gne DMSO concentrations approach 
values that are large enough to reduce the a' populations 
to an insignificant level, c" and b" will approach mole 
ecLections of U.6S and 0.352 respectively. According to 

the following calculations, the rotations of such solutions 


of 3 and 5 would approach +80° and +76° respectively at 


Pied Bie 
[M]2° (for 3) = Xux (420/C-0/0) + X ux (40/0+0/C) 
="0.32 (435°) + 0.68(+100°) 
= +79° (predicted for Xu = 0.32 and 
So aos) 
c 
+ 


The difference between the conformational free energies 
of the two chair forms of cyclohexanol, which can be 
equated to the value of two OH:H interactions has been 
assessed values that range from 0.77 to 0.99 kcal per 
mole in DMSO (96,97,98). Therefore, one OH:H interaction 
in water will have a "best" value of 0.45 kcal per mole. 


- 
- 
i 
-* 
> 
> 
a 
™ 
4 : 
4 
* 
, 
4 
; 
* 
* 
ie 
° * } a 
4 its << J ~s 














\Se 24 


mths 


hontesedebhied ¢ 
gteings 


$-a3 Owl oust. ho. : 


* ars 
aA 


S32 0 bes @i ged Yo eno lismrabnoa | 
; dae 


= . ; 
¢! cleidamadlues -"o ovivosgaemam 
. « : ~-= 3 
7 (S04 .4 @92) doldoezeiay 
ul M4 a : 7 
r% i ~ 4 - ft & 9 } 
: i> piles afs etanidas i 
: is 


Mi. 


ne = ‘ t ; 1 iy ie ol rag : ath 


ne” ~ uy a= PTOTSTe i. es Ti 


a? ante eovat ste sens eaas 
i‘ 


i~ 2% i 
* 
: 


ines FiApieak a6 


“S ‘ P ha al 
Are i Ro? : Sao > 
> i aa * IS Pe \ Ae, ard LIo8 o &. 
Py 
Pl * Sn% . «oF * : 
; wot telus ies* ontwotfoz ‘SA: 
2 4. Spent bivow.2“ias 
he Y= ie .{Y —. 
¥ st} Ps x 
i é a < . =o 
vo*+)s,.4% = (6 2xoke 
Y * _ 
\aa-0 + (PSR) SECO = ie Aa 


; ‘ as . 2 ' ; 4 
* Pass zbste) *Ofe me 


ig. 


AY 
: \ F 





220 


(for 5) = Xu X(+0/C) + X 3% (+20/C) 


II 


Gsctres ) fF U.OGtroU”) 


+76° (predicted for Xu = 0.32 and 


Xo = 0.68) 


thegdUce@vecdmerOCatiOns Of 3 and S&S that, ate 
plotted in Fig. 48 indicate that even 100% DMSO is 
unable to force these compounds exclusively into their 
Deon. ©) -ConLormacicns., ~ However, che rotations of both 
compounds in pure DMSO do require that the b" and c" 
_conformations have a total population that is much larger 


than that of the a” conformation. 


For moderate to high DMSO concentrations, a 
decrease in temperature causes a slight increase in the 
rotations of the solutions of both 3 and 5, which suggests 
an increase in the amount of their c" conformations. This 


could imply that the AH associated with the equilibrium 


nN 


K 
Set 
et 


a' + DMSO 


is negative, which was the reason for the temperature 
effects on corresponding solutions of 7 (ef. pp. 145 to 
149). However, in the case of 3 or 5, decreases in 
‘temperature could also increase the value of K3, the 


b" < co" equilibrium constant, which could also account for 
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some or all of the effect that is observed. In short, it 
is not possible to interpret the shift in rotation as the 


result of a change in any one of K Ke On K>. (Rather, 
~~) 


aie? 
it represents the net effect that a temperature change 


has on all of their values. 


A recent publication (66) has attempted to 
Preemeret Gia rotation of Jeinean ether solution (IM) , = 
+27°) solely on the basis of optical activity generated by 
the gauche hydroxyl and hydroxymethyl functions. The 
three possible orientations of the bonds of the hydroxy- 
methyl group were not included in the analysis. This 
present study of the rotational behaviour of 5 and 3 in 
1,2-dichloroethane/DMSO solutions, and in water solution; 
aided by the interpretations of n.m.r. spectra in D,0 and 
a vars pectrasin both ccl, ana 1,2-dichloroethane, has 
related the molecular rotations of beth of these compounds 
to the preferred orientations of their exocyclic 


CH. —OH bond. 
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eau 4.0 6.0 8.0 10, :0 f2.0 14.0 
Molarity of dimethyl sulphoxide in 1,2-dichloroethane 


The effect of increasing concentration of dimethyl 
sulphoxide on the molecular rotation at 25°C of 
solutions of 1,5-anhydro-2,3-dideoxy-D-threo- 
hexitol (4) and (1R,2R)-(-)-ceis-2- ™~ 
hydroxymethylcyclohexanol (6) in 1,2-dichloroethane. 
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The molecular rotations of the structurally 
related compounds, 4 and 6, in solutions of 1,2- 
dichloroethane that contain increasing amounts of DMSO, 
are compared in Fig. 54. Data that were used to plot 
these rotation curves can be found in Tables 17 and 18 


(pps P72 and® 118) % 


The rotations of the carbocyclic compound, (6), 
will be discussed first. There are four conformations 
of this compound that require consideration in a solvent 
that permits the formation of intramolecular hydrogen 
bonds. These are shown in Fig. 55, along with estimates 


or their molecular rotations. 





HO 40 
HO- TRS OH 
6a 6c 
[Mj = -20/C = -90° (Mio = -0/C10/7C) =..02 
HQ 
H~0 
6b 
[M] = -0/C = =A 5 [M] = -0/C+0/C = 0° 


Fig. 55: The calculated molecular rotations of conformations 
of (1R,2R)-(-)-ets-2-hydroxymethylcyclohexanol (6). 
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The observed molecular rotation of 6 in pure 
1,2-dichloroethane is -46.7° at 25°C, which is very close 
to the value of -45° that is predicted for the intra- 
molecularly hydrogen-bonded 6b conformation. However, this 
predicted rotation of 6b is exactly halfway between the 
rotations that are expected for 6a and 6c. Because 6a 
and 6c should have the same relative stabilities (see 
p. 113), they should have about the same populations, and 
should therefore have an "average" molecular rotation of 
=45 Garth OL RENis treason ; ethe jobserved érotation tof 6 in 
1,2-dichloroethane is not direct evidence of a high 
‘percentage of the 6b conformation. On the other hand, 
this rotation would have been smaller if 6e, which also 
contains. a 1,3-intramolecular hydrogen bond, but which has 
a predicted rotation of zero, had a significant population 


‘ie this solvent. 


The infrared spectrum of the 1,2-dichloroethane 
solution of 6 containsyan absorption centred at 3590 omaty 
which corresponds to free hydroxyl functions, and a second 
absorption, of comparable intensity, centred at 3500 cm + 
(Avon i 90 cm +), which is assigned to hydroxyl functions 
that are engaged in a 1,3-intramolecular hydrogen bond 
(ef. p. 209). This is a more direct -ndication of a high 


percentage of 6b, which has one free and one bound hydroxyl 


function. 
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As a small percentage of DMSO in introduced into 
the 1,2-dichloroethane solution of 6 it should engage in an 
intermolecular hydrogen bond with the free hydroxyl function 
of 6b. According to the concept of hydrogen-bond conjugation 
(35,55) (see p. 22), this should strengthen the intra- 
molecular hydrogen bond, and thereby increase the stability 


of this conformation. However, this solvent-stabilized 


6herstructure! hasval predicted! rotation thatias virtually 
the same as the rotation of 6 in pure 1,2-dichloroethane. 
In fact, the solution rotation should not change if 6b' 
were the only material that forms on the addition of DMSO, 
The decreases in the absolute rotation that are observed 


suggest instead that the DMSO generates some of the 6e' 


conformation as well as 6b’. 


H~ 
wall ) 0 
i 0 1 


DMSO 


DMSO 


This would require that the difference between 
the conformational free energies of 6b' and 6e' be smaller 


than the difference between the conformational free 


energies of 6b and 6e. This could occur if the formation 


of the intermolecular hydrogen bond with the DMSO effects a 
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greater increase in the strength of the intramolecular 
hydrogen bond in 6e than it does in the strength of the 
intramolecular hydrogen bond of 6b. It is also possible 
that the formation of the intermolecular hydrogen bond with 
the DMSO increases the magnitude of the repulsive 
Rnveevaceions that vare Imitiably *present in 6bewithout 
substantially increasing those in 6e. The ensuing 
discussion illustrates how this second situation could 


arise. 





Fig. 56: The relative repulsive interactions in the 6b 

and $e conformations of compound 6. 

When the DMSO forms the intermolecular hydrogen 
bond with 6b, it induces additional polarization in the 
O-H bonds. As a result of this increase in their 
negative charge, the oxygen atoms of these functions 
should become more space-demanding, so that the magnitude 
of their interactions with the opposing hydrogen atoms of 
the ring will increase (Fig. 56). For this reason, the 


average values of the three OH:H interactions in 6b' 
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should be greater than they are in obs “An Increase in 
the "size" of the oxygen atoms will not be as important 
in 6e'. This conformation has no OH:H non-bonded 
interactions, and the two axial C-H bonds that oppose the 
axial hydroxymethyl function are well separated from its 
O-H bond. Therefore, although the size of the repulsive 
interaction energy could be bigger in 6b' than it is in 
6b, it should be about the same in Se) aa Ceo in Ge. 
Then in effect, means that the energy difference between 


6b! and 6e' will be smaller than that between 6b and 6e. 


An indication of the relative amounts of 6b' 
and 6e7.that are, formedson, the) addition »of.DMSO.can be 
Be ened Grom the molecular rotation at the minimum 
point of. the.curve in Fig. 54,(DMSO.= 0.5 moles»per.litre). 
If at this point most of the molecules exist as one or the 
other of these two structures, the rotation of -36.4° 
requires Ee eee be about 78% ofe6bisjandse 22¢0fe6e" in 


solution. On this basis, these structures are formed in a 


Patio Of anout 2.5 to 


As the DMSO concentration is increased beyond 0.5 
moles per litre; it should begin to saturate both of the 


hydroxyl functions of 6 with intermolecular hydrogen bonds. 





For DMSO concentrations that were greater than this, the 
rotation curves of 3 and 5 indicated the formation of 
material that was hydrogen-bonded to two molecules of 
DMSO. 
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Because of the unfavourable interactions between opposing 
hydroxyl functions that are both intermolecularly 
hydrogen bonded to DMSO, 6a" and 6c" should be the only 


important di-solvated structures of 6. 


DMSO 


ihe. 
' Ho eS DMSO 
atlas 


The stebilities of 6c" and 6a" should be about 
the same, so that they should have an average molecular 
Metalic tieat ts close to -45°. «The transfer of" 6b" to 
equal amounts of 6c" and 6a" will not be indicated by a 
change in rotation. The gradual increase in absolute 
rotation that is observed as the DMSO concentration 
ee ee reflects the diminishing population of 6e', 


which is formed along with 6b' in the mono-solvation step. 
(6e' © 6b') + DMSO < (6c" + 6a") 


The molecular rotation of 4, a compound that 
has a ring oxygen in place of the methylene function of 
Gy Sets in pure 1,2-dichloroethane. Structures that 


could make possible contributions to this rotation are 
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4b; [M] = -0/0+r = -10° 


Or 





4c; {M] = +0/0-0/c+I = +55° 





4a; [M] = -20/C+I = -45° 


Fig. 57: Conformations, and their molecular rotations,of 
1,5-anhydro-2 ,3-dideoxy-D-threo-hexitol (4). 
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shown in Fig. 57 along with estimates of their molecular 


FOtations. 


4g CHoOH 


\ 0 


14 OEt 


Of the®three rotamers,” 4b-shouldr bet thermost 
abundant, as both of its hydroxyl functions can simultaneously 
engage in intramolecular hydrogen bonds. Foster and 
co-workers (50) have reported this type of hydrogen bond 
pactcern for a’ carbon? tetrachloride solution) of the 
structurally related compound, ethyl 2,3-dideoxy a-D- 
threo-hexopyranoside (14) (see p. 29). The 4c conformation 
can also be expected to have a modest population because 
of the opportunity for the formation of an intramolecular 
hydrogen bond between the primary hydroxyl function and the 
ring oxygen atom.~ The amportance of this «1,2-type: of 
intramolecular hydrogen bond was noted in the comparison 
of the rotational behaviour of 3 and 5. Because its 
primary hydroxy] function cannot form an intramolecular 


hydrogen bond, but instead experiences a repulsive OH:H 





* the ring oxygen could conceivably function as a proton 


acceptor for both hydroxyl groups of 4c, as is shown 
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non-bonded interaction with H4, 4a should have a population 
that is much smaller than that of 4c. If the actual 
percentage of 4a is assumed to be small enough that it can 
be neglected (<5%), the observed molecular rotation of 
+5.5° suggests that there is about a 4 to 1 mixture of 


4b and 4c in the 1,2-dichloroethane solution. 


Infrared spectroscopy confirms that a high 
percentage of 4 exists as 4b in 1,2-dichloroethane. The 
spectrum contains two bands that are the result of O-H 
Stretching (Table 35). The band at 3500 cm? corresponds 
SCO es Lie OUVGrcupea. 6b that is engaged in the 1,3-type 
intramolecular hydrogen bond (cf. pp. 209 and 224). The 
otner hydroxyl function of 4b, which is engaged in a 1,2- 
type intramolecular hydrogen bcnd with the ring oxygen, 
should account for the greater part of the somewhat larger 
absorption at 3565 cme: What remains of this larger 


absorption can be related to the two hydroxyl functions 


of Ac. 


If the proposed 4 to 1 mixture of 4b and 4c was 
almost quantitatively converted to the solvent-stabilized 
4b' structure by the addition of a small amount of DMSO, 
the rotation of the solution would decrease sharply, 
towards a value of about -10°. As can be seen in Fig. 54, 
this does not occur. Instead, the presence of a small 


amount of DMSO in the solution resuits in only a slight 


imin 1 of 
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decrease in rotation. There is a possible drawback to the 


ice __e-p—the- DMSO 
DMSO---H9 HS 


0 | 0 


[M] = -0/0+I = -10° 


formation of 4b', even with its conjugated hydrogen bonds. 
Preorlcer tial thisastructure can form from either 4b or 
4c, an existing intramolecular hydrogen bond must be 
Sacrificed. This could be one reason why the proposed 
initial population of 4c (20%) is not dramatically reduced 


by the small amounts of DMSO. 


Ae cine concentration Of DMSO is built up ins the 
solution, the rotation of 4 becomes increasingly more 
negative. These increased concentrations of DMSO can act 
as a driving force for the formation of conformations of 4 
that are hydrogen-bonded to two molecules of DMSO. 
Specifically, these structures are 4a“ and 4c". Because 
of the anticipated unfavourable electrostatic interactions 


between two opposing hydroxyl functions that are both 
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hydrogen bonded to DMSO molecules, 4b" should be strongly 


destabilized. 


DMSO, - 
: He 
ee Uictef 


ks 0 
DMSO 


4b" 


The: predicted rotation of 4b is intermediate 
between those of 4a" and 4c", so that it is not possible 
to cell how much of this intramolecularly hydrogen-bonded 
conformation persists in pure DMSO. Previously, it was 
pointed out that its cumulated intramolecular hydrogen 
bonds could stabilize 4b to the extent) that it is 
actually the most abundant conformation of 4 in water, 
even though this solvent, like DMSO, is capable of acting 
as a hydrogen-bond-accepting base. This situation may also 
apply to the DMSO solution. On the other hand, the 
population of 4b (and 4b') may be small enough in pure 
DMSO that the molecular: rotation of the solution is 


primarily determined by the fa" 4c" equilibrium position. 
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The observed molecular rotation of the solution does not 


permit a distinction between these two possibilities. 


5. Studies of the conformational equilibria of the 
0-methylated derivatives of 1,5-anhydro~-2,3-dideoxy~D- 


erythro-hexitol (3) 


In the preceding discussion, the conformational 
preference of 3 was shown to be strongly influenced by the 
existence of intramolecular hydrogen bonds between its two 
hydroxyl functions and between its primary hydroxyl function 
and the ring-oxygen atom. This section will show how 
modifications to the intramolecular hydrogen bonding 
ability Of 3), vra preparation of its 0-methylated derivatives, 
20 and 21, can effect the preferred orientations of the 


C6-06 bona. 
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Molarity of dimethyl sulphoxide in 1,2-dichloroethane 


Fig. 58: The effect of increasing concentration of dimethyl 
sulphoxide on the molecular rotation at 25°C of 
solutions of 1,5-anhydro-2,3-dideoxy~-6-d-methy1- 

' D-erythro-hexitol (20). 
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Molarity of dimethyl sulphoxide in 1,2-dichloroethane 


Fag. o9s ihe effect of increasing concentration of dimethyl 
sulphoxide on the molecular rotations at 25°C of 
solutions of 1,5-anhydro-2 ,3-dideoxy-4-0-methy1l- 
D-erythro- ehericat (es) and 1,5-anhydro-2 ,3- 
dideoxy - 4,6-di-0-methyl- ze -erythro-hexitol (22) 
ane, 2- dichloroethane. 
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TABLE 36 


The molecular rotations (°) in water, of 
1,5-anhydro-2 ,3-dideoxy-D-erythro-hexitol (3) and 


its 0-methylated derivatives at 25°C 





Compound [my <> 
CHoOH 
0 
H + 70.9 
3 
HOCH 
0 
HO ee. | + 84.4 
20 


90H 


CH 
aoe! 
Byes SERN +136.0 
* 21 


CH50CH 
Xo 
Cts \ ae ew yl 6 


saatteses teloselom Sa? 


e6 betel yrigemO) arb 






. “- ‘ i. - * 
wl bm 260 thks eee ’ 


=a? aes +i ee Sits i sot pk ie ill Oe al 
a RS tl UT tie ae ie 8 p> ded) 


at v 
y « 


s 


ieyy vovEy f yy 12 % i- sibydage-@, =f 
TD « | ee =. 


=e ¥ 
= = ro 
" * ~ > oh . 


238 


The molecular rotations of 20 and 21 were 
recorded in solutions of 1,2-dichloroethane that contained 
increasing amounts of DMSO. For comparison, the rotational 
behaviour of the di-0-methyl ether of 3, compound 22, 
was also investigated. These rotations are plotted in 
Figs. 58 and 59. Data for the individual solutions appear 
ae Pables 19. 20 and 21 {pp. 119, 120 and 121). The 
rotations of these compounds in water are compared in 


Table 36. 
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[Me = %0/c=0/C' =: 0° [M] = +0/0+0/c = +100° 





[M] = +20/C-0/0 = 35° 


Fig. 60: The predicted rotations of conformations of 
compound 20. ; 
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The three conformations of compound 20 in which 
the O-CH , bond is antt-periplanar to the C5-C6 bond 
(Fig. 60) contain no significant steric interactions in 
addition to those present in the corresponding 3a, 3b 
and 3c rotamers of the parent diol. Because their 
O-CH. bond is in a symmetric environment, the predicted 
molecular rotations of these conformations should have 
the same values as those of the corresponding conformations 
ofes.t Liathe O-CH, bond adopts either of its other 
staggered orientations it is in opposition to at least one 
other bond. Therefore,as a first approximation, the 


‘rotation of 20 will be discussed solely in terms of the 


relative populations of the three conformations in Fig. 60. 


Like the 3a conformation of the parent diol (see 
pp. 185 to 189), 20a shouldbe destabilized in water. 
Therefore, 20band 20c should represent the most important 
orientations of the C6-06 bond in this solvent. Of these, 
the 20b conformation should be the less preferable because 
of its opposing C6-06 and C4-H4 bonds. The observed 
rotation of 20 in water is +84.4°, which confirms that 
20c, together with thesmaller attendant population of 20b, 


are the most abundant conformations in solution. 


Fig. 58 illustrates that the nature of the 
solvent is very important in determining the rotation of 


20. For example, in 1,2-dichloroethane the molecular 
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rotation indicates that 20a is very much the preferred 
conformation. This conformation can be expected to 
predominate in pure 1,2-dichloroethane, which is a solvent 
that should not interfere with its ability to stabilize 
itself by formation of a 1,3-type intramolecular hydrogen 
bond. For example, such a bond was shown to give a 
dramatic stabilization to 5a under the same circumstances. 
Indeed, compound 20 should behave more like 5 than its 
parent diol (3) in this solvent. Compound 3 is able to 
stabilize its 3b and 3c conformations by the formation of 
1,2-intramolecular hydrogen bonds between its primary 
-hydroxyl function and ring oxygen. This option is not 
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The molecular rotation of 20 in pure 1,2- 
dichloroethane is by itself somewhat misleading, as it 
indicates that almost all of the compound prefers the 20a 
conformation. Infrared spectroscopy shows that this is 
not entirely so (Table 35). There is an absorption in 


the i.r. spectrum of 20 in 1,2-dichloroethane that occurs 
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Bu 4500 om? This can be equated to the hydroxyl group 
which forms the 1,3-type intramolecular hydrogen bond of 


20a. There is also a band at 3585 cm 


that is about 

85% as intense as the first band, In 1,2-dichloroethane, 
such an absorption corresponds to either free hydroxyl 
groups or to hydroxyl groups that are engaged in 1,2- 
intramolecular hydrogen bonds. (ef. p. 211). In the case 
of 20, it can originate from the free hydroxyl group in 
either of 20b or 20c. Now, the relative intensities of 
these two absorption bands are not necessarily an exact 
indication of the amount of 20a with respect to 20b and 
20c. However, they do indicate that 20a, although 
probably the most abundant conformation, is certainly not 
the exclusive conformation in pure 1,2-dichloroethane. 
iieas mucheas tne 1,2-dichloroethane solution of 20 contains 
this modest percentage of dextrorotatory 20c and 20b, its 
observed rotation of almost zero degrees requires that 
P2Ue Neve an actual rotation that 1s negative. This is mot 
unexpected, as the empirical rules that were used to 
estimate a rotation of zero for this conformer are only 
approximate in nature. It would be remarkable if such 

a first-order approach to optical rotation were able to 
give a precise estimate of the rotation of 20a, whose 
structure includes an acyclic chain of three bonds. 

For example, a partial rotation about the C5-C6 bond or 


the C6-06 bond may occur in order to achieve a better 
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intramolecular hydrogen bond. Because of the sinusoidal 
dependence of rotational parameters” (l2714) this would 
result in additional contributions to the rotation of 


this conformation. 


The rotation of 20 rises sharply as a small 
amount of DMSO is introduced into the 1,2-dichloroethane 
solution. Evidence presented earlier in this discussion 
demonstrated that a small amount of DMSO could actually 
stabilize the a conformations of 5 and 3 by the formation 
of an intermolecular hydrogen bond with their free 
hydroxyl function. This hydrogen-bond conjugation is no 
longer possible in 20,as it has only one hydroxyl function, 
and it is already engaged in an intramolecular hydrogen 
bond. In order for this function to hydrogen bond to the 
DMSO molecule, the 1,3-intramolecular hydrogen bond that 
stabilizes the conformation must be sacrificed. Lemieux 
and Pavia (35) have shown that opposing methoxyl and 
DMSO-solvated hydroxyl functions constitute an 
electrostatically and sterically unfavourable situation, so 
that 20a' cannot be regarded as an energetically important 


structure. Of the three DMSO-solvated conformations of 20, 


a aeaPennEEREEEEENiSNEENRTERISEE. 





For example, if the dihedral angle between c5-05 and 
C6-06 is not 180°, these bonds will be conformationally 
asymmetric, and additional rotation will result. 
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only 20c\eand to,aslesser extent 20b’ require.consideration. 
Ch3 
Xo Ciz 
rl) 


H 
0 
DMSO 7 ta 


20b' 


The amount of these two species that exist in 
equilibrium with the intramolecularly hydrogen-bonded 20a 


conformation will be a function of the DMSO concentration. 


20a + DMSO = 20c' 


t 


20a + DMSO = 20b' 


In concentrations that are greater than about 5 moles per 
litre the DMSO appears to be able to hold 20 extensively 
in its 20c and ub! conformations. The rotations of such 
solutions, which are virtually insensitive to the DMSO 
concentration, should be determined by the relative 
conformational free energies of 20c' and 20b'. The 


interaction between the C6-06 bond and the opposing C5~-H5 
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bond of 20béawidi-destabalagesut.in- xelation: toi 20c'shalft 
this interaction is given the value that was assigned to 

an OH:H interaction in DMSO (0.45 kcal per mole; see 

Pio 219) 4 o20b) wand 20¢! will have mole fractions of 0.32 

and 0.68 respectively at 25°C. The molecular rotation of 
+79° that is calculated from these estimated fractional 
populations is not substantially different from the observed 


eotations, of.about +70°. 


[M] , (for 20) = X,,(+2C/0-0/0) + X_, (0/0+0/Cc) 


tO. 32 (45 tO 6.04 100°) 


+79° (predicted for solutions containing 


It 


Oli veec0b. Tand: 20c"). 
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Fig. 61: Staggered crientations of the O-CH, bond of 1,5- 
anhydro~2 ,3-dideoxy~4-0-methy1-D-erythro-hexitol. 


a °; : 
T =P 
Ps _ 

‘ ; : “e 

oe ’ , 2 





* 
- 
. 
. 
. 
« 
- 
. 
' 


xt .teopl’s ie TRA LY. QD ei ih REO clan ae 
 ;ehine. ele, Egg 26 ee ae ee ee 


245 


Consider the three staggered orientations that 
the O-CH bond of compound 21 can adopt (Fig. 61). In @, 
the methyl function opposes C6, which is sterically a 
very unfavourable arrangement. This conformation will 
therefore occur in insignificant amounts. The X 
orientation should be the more stable of the two remaining 
possibilities. In this equatorial orientation, the 
O-CH, bond opposes only one C-H bond. At the same time 
it 3s: qauche to the C3-c4 bond and therefore defines a 
+ /C rotational parameter (cf. Fig. 8, p. 17). In the 
axial orientation, Y, the O-CH, bond is sterically opposed 
by two C-H bonds. It generates no molecular rotation 
in this orientation since it is symmetrically positioned 


with regard to the two gauche C-C bonds of thesring. 


These considerations help to account for the 
observed rotation of the solution of 21 in water, which 
is 136° at 25°C. Because it is restricted to the X and 
Y orientations (mostly X) the OCH, group should not 
interfere sterically with any of the rotameric positions 
of the C6-06 bond. As a result,the C6-06 bond of 21 
should have the same conformational distribution in water 


as the corresponding C6-06 bond of 3. The contribution to 


a 


* The repulsive interaction between opposing methyl 


functions is given a value of 3.7 kcal per mole on 
page 52 of reference l. 


“* 


‘ 
- hs “~ 
. 7.5 Mag, Be 
* 
5 on 
a, *“ : 
- > 
. 7 
, iat 
* Aa <i’ 
4 as 
o > 
. 


4a 
‘ heme 
ria 
, 
ba re 
2s 
xu t 
A, 
. "i 
q - 
‘ é Jt) 
. 
‘ 





’ 
‘ i : 
4 re 7 7 
% F, a a pie ee 1 ay a, 
: 






fSa0D S10 
mr 
o, 2 
&¢ oa) 3 
% SMG: 
ae wee 


. bs br 'by Pe 
a a at ie iidles 





246 


the rotation of 21 that originates in the averaged 
orientation of the C6-06 bond, plus the contribution from 
the fixed 0/C unit between C4-04 and C5-05, should 

equal the observed rotation of 3 in water, which is +70.9° 
at 25°C. The 65° difference between the rotations of 20 
and 3 must therefore originate in the asymmetry of those 
O-CH 3 bonds of 20 that adopt the X orientation, where 
-they generate a +O, /C rotational parameter. Because of 
the small percentage of the O-CH., bonds that should be in 
the symmetric axial orientation (Y), the value of a 

+C0/C unit is probably somewhat greater than +65°. This 


supports Lemieux and Martins' proposal that it is at 


least +60° (9). 


The rotations of 22 and 20 differ by +62.6° in 
water (Table 36), a value that is very similar to the 
difference between the rotations of 21 and 3. This shows 
that the contributions tomolecular rotation from the OCH, 
groups at C4 of 21 and 22 are approximately the same, 


namely, 65°. 


Fig. 62 illustrates the staggered orientations 
of the hydroxymethyl function of compound 21. It is 
assumed that the conformational distribution of the 
O-CH, bonds will be the same for each orientation of the 


C6-06 bond, and for different solvents. Therefore, $65°, 


the average contribution that this O-CH, bond makes to 
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the rotation of 2 de in water, has been used to estimate the 
contribution that the OCH, function makes to the molecular 


rotation -ofveach ‘of the rotamers tin Fig. «62. 


The hydroxyl functions of 21b and 2lc can engage 
in 1,2-type intramolecular hydrogen bonds with the ring 
oxygen. As a result, these conformers should be somewhat 
more stable than their counterparts in compound 20. The 
ae spectrum of 21 in 1,2-dichloroethane contains an 
absorption at 3865 em”? that can be equated to the 
hydroxyl functions of these two conformations. There is a 


weaker "shoulder" absorption adjoining this band, which is 


2la Pale 


ae —— 


[MJ] = +C/0-C/0+65° = +65° [M] = +0/C+0/0+65° = +165° 


C20 


oaks 


IM] =. +20/C-070+65°> =" 100° 


Fig. 62: Staggered orientations of the hydroxymethyl 
function of 1,5-anhydro-2,3-dideoxy-4-0-methyl- 
D-erythro-hexitol (21) 
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centered at 3500 cmt, This serves as an indication of 
the relative amount of 2la, whose OH function is engaged 
in a 1,3-type intramolecular hydrogen bond with the oxygen 
atom of the methoxyl group. The fact that this shoulder 
absorption is roughly half as intense as the absorption 

abe 00) cm” + is qualitative evidence that 2lc and 21b 
have a combined population that is substantially greater 


than that of 2la. 


ThesnmoLleculan rotation voi <2 bein pure 72= 
Gichloroethane is +138°, which does not allow fora 
substantial population of 2la, and therefore supports 
the interpretation oy; the i.r. spectrum. Notice the 
remarkable difference between this molecular rotation and 
that of compound 20, which has a value of almost zero in 
pure 1,2-dichloroethane. About 65° of the difference 
between these rotations originates in the asymmetric 
orientation of the 4-0-methyl function of 21 as compared 
to the proposed symmetric anti-periplanar orientation of 
the 6-0-methyl function of 20. The remainder reflects 
the differing conformational preferences of the C6-06 
bonds of the two compounds in this solvent. The most 
abundant rotamer of compound 20 is 20a, which is 
stabilized by a 1,3-type intramolecular hydrogen bond. 
Although the 2la conformation can also contain such a bond, 


it is forced to compete against 2lb and 2ic conformations 
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that are stabilized by 1,2-type intramolecular hydrogen 


~ 


bonds. 


When DMSO is introduced into the 1,2-dichloroethane 
solution of 21 it will form an intermolecular hydrogen bond 
with the hydroxyl function of this compound. The 2la' 
conformation will be destabilized by the electrostatic 
and steric interactions between the opposing methoxyl and 
DMSO-solvated hydroxyl functions (35). As a result, the 
addition of DMSO should convert what population there is 


of 2la into the more dextrorotatory 21b' and 2l1c' 


structures. This should produce an overall increase in 
DMSO 
DMSQ | 
0 0 
CH30 CH,0 
21a' Gh 
[M] = +0/C-0/C+65 = 65° [M] = +0/0+0/C+65 = 165° 
iB 
DMSO----!— 


0 
aes 
[M] = +20/0-0/c+65 = 100° 
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rotation. As can be seen from Fig. 59, this has no 
experimentally detectable effect on the rotation of 21, 
which is additional evidence that the population of 2la 

in pure 1,2-dichloroethane cannot be very large. However, 
it must be remembered that the rotations that are predicted 
for the rotamers of 21 are only approximations and that 

the change in the nature of the solvent may have some 

effect on their values. For example, the averaged 
orientation of the O-CH, bond and therefore its contribution 
to rotation may not be completely independent of the solvent. 
If the actual pore at rotation,et 2ic™ were to be some-— 
what smaller than that of 2l1c, the effect of the 


conversion of 2lc to 2lc' would cancel out the effect of 


the conversion of small to moderate amounts of 2la to 2l1c'. 


The most important aspect of the rotational 
behaviour of 21 is that its rotation is not decreased by 
the addition of a small amount of DMSO to the 1,2- 

Aion iatostn me solution. This means that the small amount 
of DMSO does not produce a dramatic increase in the 
stability of 2la (or 2la'). If such an effect had been 
observed, it would have necessitated a re-evaluation of 
the rotational behaviour of compounds 3, 5 and shu since 


hydrogen bond conjugation is not possible in compound 21. 
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Fig. 63: Staggered orientations of the hydroxymethyl 
function of 1,5-anhydro-2 ,3-dideoxy-4 ,6é-di-0- 
methy1-D-erythro-hexitol (22) 


Fig. 59 shows that the rotation of 1,5-anhydro- 
2,3-dideoxy-4,6-di-0-methy1-D-erythro-hexitol is independent 
of the concentration of DMSO in its 1,2-dichloroethane 
solutions. The 3° increase in rotation as the DMSO 
concentration is increased from 0 to 14 moles per litre 


cannot be regarded as significant. 


The three rotameric orientations of the C6~-06 
bond of 22 are iiivetrated An riguw.63. _The 06-CH. bond 


should be mostly anti-periplanar to C5-C6, since i Ge 
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encounters the minimum steric interaction in this orienta- 


tion. The contribution that the averaged orientation of 


S 


structures in Fig. 63 should be about +65°, the approximate 


the O04-CH. bond makes to the rotations of the individual 


contribution that it makes to the rotations of both yah and 


22 in water. ~ 


Beth of the original hydroxyl functions of 3 
have been blocked by methyl functions in 22, a6 tiac ih 
inert solvents,such as 1,2-dichloroethane, 22a cannot 
acquire any stabilization through the formation of an 
intramolecular hydrogen bond. In fact, Lemieux and Pavia 
have presented evidence that shows opposing methoxyl 
functions to be clearly disfavoured (35). In addition to 
the unfavourable steric interactions that are present, the 
O-CH, dipole moments oppose each other electrostatically. 


For these reasons, 22a was not expected to have a large 


population in any of the solutions. 


The magnitude of the repulsive interactions 
between its C6-06 and C4-H4 bonds will determine the size 
of the population of 22b relative to that of 22c. This 
interaction should have a value that is close to 0.45 
kcal per mole (cf. p. 219) which means that there should 
be about 2:1 times as much 22c as there is 22b at 25°C. 
For example, if the percentage population of 22a is only 


10%, 22b and 22c will have populations of 29% and 


*% 
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612° respectively. With this conformational distribution 
22 would have a molecular rotation of +135°, which is very 
Similar in value to the molecular rotations that are 
observed. These observed rotations therefore serve as 

an indication that the percentage populations of 22a cannot 


be substantially greater than 10%, even in 1,2-dichloroethane. 


25 ° ° ° 
EMT (Lor 222) eeCrese yee (EL0GS) 4X (165°) 


I 


£i3543 Ie Cpredictedefor Xo = 0.10; 


Xx, = 0.29 and Xa =e). 


mhe (factithatethe (rotationpof«22edees*not 
change significantly as the DMSO concentration is increased 
in ‘the ‘solutions: is in itself an important’ result. This 
Serves aa jindinect “supporturor thertheoryothattthe 
rotational changes that are observed in the corresponding 
solutions of Jpeppec®. ands] spot lectethe changes in 
conformational seaunsens cnet result as intramolecular 


hydrogen bonds are replaced by intermolecular hydrogen bonds. 
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CONCLUSIONS 


This project has used optical activity, at the D 
line of sodium, to study the conformational equilibria of 
molecules in solution. The effects that solvent and tem- 
perature changes have on the rotations of simple molecules 
that are models for hexopyranose Sena were examined and 
interpreted in terms of changes in conformational equilibria. 
It is concluded that interpretation of optical rotation 


represents a promising approach to conformational analysis. 


In section 1 of the Discussion” (p. 122), it is 
demonstrated that the addition of a para-substituted pyridine 
to a 1,2-dichloroethane solution of 1,2-0-isopropylidene- 
4-0-methy1-g-D-sorbopyranose (7) results in a reinforcement 
of the 1,3-type intramolecular hydrogen bond between the 
opposing hydroxyl groups of the ara conformation. The 
ability to strengthen this intramolecular hydrogen bond 
increases with increasing base strength. Thus, the work 
provides additional experimental confirmation of the 


Lemieux-Pavia theory of hydrogen-bond conjugation C35)". 


In section 2 (p. 150), empirical procedures are 
proposed for the estimation of the molecular rotations of 
the individual conformations of the model hexopyranose 
compounds that are shown below. The simplified approach 
to the interpretation of optical rotation that was developed 


by Lemieux and Martin (9) is partially adopted. However, 
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certain modifications to their rules are necessary in order 
to provide a better agreement between the predicted and 
observed rotations of test compounds. The O/O and O/C 
parameters (Fig. 8) are assigned new values of 55° and 45° 
respectively. An additional parameter is proposed, 


designated as I (Fig. 34), and assessed a value of 45°. 


CH50H 
DNs tg Gt20H 
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Section 3 (p. 164) deals with the conformational 
Siete of the above four compounds in water, as revealed 
by their molecular rotations and their proton magnetic 
resonance spectra. It is concluded that the conformations 
of 3,.5,and 6 that contain opposing hydroxyl functions are 
not abundant in this solvent. Compound 4 is an exception. 
In water, its molecular rotation requires that it prefer 


the conformation shown below, which is probably stabilized 
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by a cumulation of two.intramolecular hydrogen bonds. A 





second conclusion reached in this section is that the 
‘interaction between two gauche-oriented oxygen atoms is 
smaller, in water, than the interaction between a gauche- 


oriented oxygen atom and methylene group. 


In section 4, the conformational preferences of 
the hydroxymethyl function of the model compounds in binary 
1,2-dichloroethane/dimethyl sulphoxide solutions are 
investigated. In pure 1,2-dichloroethane, molecular 
rotation analysis, aided by infrared spectroscopy, leads 
to the conclusion that intramolecular hydrogen bonding is 
of fundamental importance in determining the rotameric 
populations of these compounds. In this regard, the rotameric 
populations for both 3 and 4 are determined by 1,2-type 
hydrogen bonding between their C6 hydroxyl function and 
ring-oxygen atom as well as by 1,2-type intramolecular 
hydrogen bonding between their two hydroxyl groups. The 
addition of arena! sulphoxide to the pure 1,2- 


dichloroethane solutions of 3 and 5 results in experimentally 
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detectable increases in the population of the conformation 
that has two opposing, 1,3-intramolecularly hydrogen- 
bonded hydroxyl groups. This demonstrates that the Lemieux- 
Pavia theory of hydrogen bond conjugation also applies to 
this class of compound. In 1,2-dichloroethane solutions 
that contain moderate to high concentrations of dimethyl 
sulphoxide, the conformational populations of the model 
compounds revert to values that are similar to those 


observed in water. 


Section 5 (p. 234) evaluates the changes in 
conformational equilibria that result on methylation of one, 
or both of the hydroxyl groups of compound 3. The data show 
that methylation of the C4 hydroxyl function inhibits the 
fabuliby Of O04 to, act as an acceptor for a 1,3-type 
intramolecular hydrogen bond with the C6 hydroxyl group. 
Soecnerwotnetenand, Che 6-0-methy bl ether of 3 exists: mainly 
in the 1,3-intramolecularly hydrogen-bonded conformation 


te pDULewl,e-oLcnlorocthane, solution. 
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